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Description 

Technical Field 

This invention relates in general to a wafer process- 5 
ing system and relates more particularly to a wafer 
processing plasma reactor lor processing a semicon- 
ductor substrate in which the plasma is generated pri- 
marily by inductively coupled power The invention re- 
lates also to a method of processing a semiconductor to 
substrate. 

In the figures, the first digit of a reference numeral 
indicates the first figure in which is presented the ele- 
ment indicated by that reference numeral. 

. . 75 

Background Art -..i^-^r^^'^-.i-.- : 

Plasma etching or deposition in the fabrication of 
circuits is attractive because it can be anisotropic, can 
be chemically selective and can produce processing un- 20 
der conditions far from thermodynamic equilibrium. An- 
isotropic processing enables the production of integrat- 
ed circuit features having sidewalls that exlend substan- 
tially vertically from the edges of a masking layer. This 
Is important in present and future ULSI devices in which 2S 
the depth of etch and feature size and spacing are all 
comparable. 

In Figure 1 is shown atypical wafer processing plas- 
ma reactor 10. This reactor includes a dielectric coated 
metal wall 11 that encloses a plasma reactor chamber 3o 
12. Wall 11 is grounded and functions as one of the plas- 
ma electrodes. Gases are supplied to chamber 1 2 from 
a gas source 1 3 and are exhausted by an exhaust sys- 
tem 1 4 that actively pumps gases out of the reactor to 
maintain a low pressure suitable for a plasma process. 3$ 
An rf power supply 1 5 connected to a second (powered) 
electrode 16 capacitively couples power into a plasma 
in chamber 1 2. A wafer 1 7 is positioned on or near pow- 
ered electrode 16 for processing. Wafers 17 are trans- 
ferred into and out of reactor chamber 1 2 through a port 
such as slit valve 18. 

RF power at 13.56 MHz is predominantly utilized In 
plasma reactors because this frequency is an ISI^ (In- 
dustry, Scientific, Medical) standard frequency for which 
the government mandated radiation limits are less strin- -^s 
gent than at non-ISM frequencies, particularly those 
within the communication bands. This substantially uni- 
versal use of 13.56 MHz is further encouraged by the 
large amount of equipment available at that frequency 
because of this ISM standard. Other ISM standard tre- so 
quencies are at 27.12 and 40.68 MHz, which are first 
and second order harmonics of the 13.56 MHz ISM 
standard frequency. 

A plasma consists of two qualitatively different re- 
gions: a quasineutral, equipotential conductive plasma ss 
body 19 and a boundary layer 110 called the plasma 
sheath. The plasma body consists of substantially equal 
densities of negative and positive charged particles as 



well as radicals and stable neutral particles. RF power 
coupled into the reactor chamber couples energy into 
the free electrons, imparting sufficient energy to many 
of these electrons that ions can be produced through 
collisions of these electrons with gas molecules. The 
plasma sheath is an electron deficient, poorly conduc- 
tive region in which the gradient in the space potential 
(i.e., the electric field strength) is large. The plasma 
sheath forms between the plasma body and any inter- 
face such as the walls and electrodes of the plasma re- 
actor chamber. 

When the powered electrode is capacitively cou- 
pled to the rf power source, a negative dc component 
of the voltage at this electrode (i.e., the dc bias) re- 
sults (see, for example, H.S. Butler and G.S. Kind. 
Physics of Fluids. 6, p. 1 348 (1 963). This bias is a con- 
sequence of the unequal electron and ion mobilities and 
the inequality of the sheath capacitances at the elec- 
trode and wall surfaces. The magnitudes of the sheath 
capacitances are a function of the plasnia density as 
well as the chamber geometry and the relative areas of 
the electrode and wall within the plasma chamber. 
Sheath voltages at the powered electrode on the order 
of several hundreds of volts are commonly produced 
(see, for example, J. Coburn and E. Kay, Positive-ion 
bombardment of substrates in rf diode glow discharge 
sputtering. J. Appl. Phys., 43, p. 4965 (1972)). 

The dc component of the sheath potential at the 
powered electrode is useful in accelerating ions to high- 
er energy in a direction substantially perpendicular to 
the powered electrode. Therefore, in a plasma etching 
process, a wafer 17 to be etched is positioned on or 
slightly above the powered electrode 16 so that this flux 
of positive ions is incident substantially perpendicular to 
the plane of the wafer, thereby producing substantially 
vertical etching of unprotected regions of the wafer. 
These high sheath voltages (and high discharge volt- 
age) are needed in some processes (like Si02 etching) 
to produce etch rates that are required for a commercial 
etch process. 

Transistor speed specifications and high device 
densities in the most modern MOS integrated circuits 
have required the use of shallow junctions and thin (on 
the order of 10 nm) gate oxides under polysilicon gates 
that are thousands of Angstroms thick lA = 10'^ nm. 
Unfortunately, such IC structures are sensitive to ion 
bombardment by high energy (> 100 eV) ions such as 
in the conventional plasma etch apparatus of Figure 1 
so that, during the step of etching the polysilicon layer 
to form the gate, it is difficult to avoid damaging the gate 
oxide. Because wafer damage decreases with decreas- 
ing ion energy and associated sheath voltage, it would 
be advantageous to operate at smaller discharge power 
levels and voltages. Unfortunately, for capacitively cou- 
pled power at 13.56 MHz, this reduction of voltage re- 
sults in a proportionately slower etch rate for many proc- 
esses, which thereby significantly degrades process 
throughput. 
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Etch rates tor Si02 and some Si cich processes arc 
a function of the ion bombardment power density trans- 
mitted from the plasma to the wafer. Since this power Is 
equal to the product of the sheath voltage at the pow- 
ered electrode and the ion current density at the wafer, 
the ion current density at the wafer must be increased 
to maintain substantially constant etch rate with de- 
creased sheath voltage. This requires that the plasma 
ion density near the wafer be increased. Unfortunately, 
in a conventional plasma etcher, both the sheath voltage 
of the powered electrode and the ion density near that 
electrode are proporttonal to each other and are monot- 
onically increasing functions of the amplitude of the rf 
voltage applied to the powered electrode. Thus, if the 
sheath voltage is decreased by decreasing the voltage 
of the rf signal, then the current density of the ion beam 
at the wafer also decreases thereby producing an even 
greater percentage decrease in etch rate than in either 
the sheath voltage or the ion current. It would therefore 
be advantageous to be able to control independently the 
sheath voltage and ion density at the wafer so that a soft 
etch process (i.e.. an etch process with reduced sheath 
voltage at the wafer) can be implemented that has a 
commercially adequate etch rate. 

One method of increasing etch rate by enhancing 
plasma ion density near the wafer utilizes magnets to 
produce a magnetic containment field that traps elec- 
trons within the vicinity of the wafer, thereby increasing 
the ion production rate and associated density at the wa- 
fer. The magnetic containment field confines energetic 
electrons by forcing them to spiral along helical orbits 
about the magnetic field tines. Unfortunately, nonuni- 
formilies of th0 irifiagnetic containment field of such 
"magnetically enhanced" plasma etching systems de- 
creasiB etch rate uniformity over the surface of the wafer 
Tfie fx .§ drifts due to the electric field in and near the 
sheath also reduce etch rate uniformity In such systems. 
To improve uniformity over the surface of the wafer in 
one such system, the wafer is rotated about an axis that 
is perpendicular to and centered over the surface of the 
powered electrode. This produces at the wafer surface 
a cylindrically symmetric lime-averaged field that has 
improved average uniformity over the wafer, thereby 
producing Increased etch uniformity. However, this ro- 
tation prbduces vyithin the plasma chamber undesirable 
mechanical motion that can produce particulates and in- 
crease contamination. 

Another technology that has potential for producing 
acceptable etch rates at low ion bombardment energy 
is the recentlydeveloped technique of electron cyclotron 
resonance plasma production. This technique has ap- 
plication to wafer cleaning, etching and deposition proc- 
esses, in this technique, a plasma is produced by use 
of a microwave source and a magnetic containment 
structure. Unfortunately, this technique, when applied to 
etching or chemical vapor deposition, exhibits high lev- 
els of particulate fomnation, poor radial etch rate uni- 
formity and low throughput. The fraction of energy cou- 



pled into production of radicals increases very rapidly 
above about 0.13 Pa (1 m Torr) so that the pressure in 
this system must be kept below this level. This requires 
expensive hardware that Includes: (1) a very large 
5 pumping speed (> 3,000 liters per second, which Is 10 
times typical values) vacuum pumping system to pro- 
duce the very low (0.013-0.1 3 Pa or 0.1 -1 mTorr) pres- 
sures required for this process; and (2) a large magnetic 
containment system that sometimes includes large 

10 electromagnets. 

Another technique for increasing the ion density uti- 
lizes a microwave plasma generator to generate ions in 
a region at least 1 0 cm above the wafer. These ions flow 
into the volume above the wafer and therefore conlrlb- 

IS ute to the Ion density at the wafer. However, this ap- 
proach tendsto produce copipus^rriounts of free radi- 
cals and produces no more than a few milliamps/cm^ 
ion current density at the wafer 

In Josef Freisinger and Horst W. Loeb, The neutral 

20 particles injectors RIG for fusion reactors, Atomkernen- 
ergle Kerntechnlk, Vol. 44 (1984) No. 1, p. 81-86. a 
neutral beam of particles Is generated to inject the 
amount of additional power needed to produce a break- 
even point in energy production in a Tokamak fusion re- 

^5 actor This beam is produced by first producing an ion 
beam by means of inductively coupled power and then 
neutralizing the beam by passing it though a gas before 
entry into the fusion reactor The ion beam Is extracted 
by a dc field instead of an rf field as in the present ap- 

30 plication. 

In the reactor presented In the article J. Freisinger 
et al entitled RF-ion source RIM 10 for material process- 
ing with reactive gases, IX International Conference 
on Gas Discharges and their Applications, 19-23 

3S September 1 988), power is inductively coupled Into the 
chamber to heat electrons and an ion beam onto a wafer 
is produced by a dc field Instead of by an rf field. 

In U.S. Patent US -A-4. 362,632 entitled Gas Dis- 
charge Apparatus, issued to Adir Jacob on December 

40 7. 1982, a plasma reactor Is presented that includes a 
coil that encircles the reactor and a Faraday shield. A 
Faraday shieW within the reactor prevents the magnetic 
field produced by the colls from penetrating Into the por- 
tion of the reactor inside of the cylindrical Faraday 

^5 shield. Therefore, a plasma is generated only In the re- 
gion between the wail and the Faraday shield. Because 
there is no split in this shield, this Faraday shield ex- 
cludes the time varying electromagnetic fields from the 
region enclosed by the shield. This Is done to prevent 

50 the introduction of nonuniformities in plasma density in 
that region as a result in nonuniformities in the field in 
that region. Ionized plasma gases diffuse into the region 
enclosed by the Faraday shield via holes in the Faraday 
shield. 

55 Also, his shield is not a split Faraday shield and is 
why it blocks the time-varying magnetic field from pen- 
etrating into the inside of the shield. In contrast to this, 
all of the plasma is produced inside of applicant's split 
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Faraday shield. The magnetic field penetrates past the 
split Faraday shield to generate an azimuthal electric 
field that produces the plasma. Therefore, Jacob does 
not teach or suggest the structure taught and claimed 
by applicant. 5 

In the published specification of US Patent No. 
491 8031 (Johnson et al ). equivalent to published Euro- 
pean Patent Application No. EP-A-0376546, there is 
disclosed a helical resonator for producing a plasma for 
use in fabricating semiconductors. This resonator em- io 
ploys a discharge tube enclosed by a helical coil through 
which rf power can be coupled into the plasma produced 
in the tube, and one form of resonator utilises a split me- 
tallic shield for adjusting "plasma species concentra- 
tions by application of a bias or to shield the plasma re- is 
gion from radial electric fields/ The shield has a single . 
split formed therein. 

In a later patent, US Patent No. US -A- 52345290, 
Issued to the same inventor, there is further, more in- 
formative discussion of the function of this split metallic 20 
shield in which it is acknowledged that "the [earlier) pat- 
ent provides no significant disclosure concerning its de- 
tails or use " 

In this later patent, the applicant makes the further 
acknowledgement that "It is first noted that the shield 2S 
shown in the aforementioned patent is not perfect and 
does allow some capacltive coupling therethrough. The 
current, generated in a capacitance measurement how- 
ever, is so low as not to be directly measurable by means 
available to me. I do know, however, that in an actual 30 
experimental shield of the type shown in Figure 2 of the 
patent, the area of the single vertical slit through the 
shield is somewhat less than 0.2% of the total external 
area of the shield." 

Additional prior art is also to be found iri: os 

1 "Plasma Physics - Study of the electron temper- 
ature and density of an inductive HF discharge in 
hydrogen, using the symmetrical double-probe 
method' - report by Mr. Guy Turban, as presented 40 
by Mr Louis N6el. C.R. Acad. Sc. Paris, Vol. 273 
(September 27. 1971), Series B. pp 533-536. 

2 "Plasma Physics - Measurement of the energy- 
distribution function of electrons in an Inductive HF -^s 
discharge in hydrogen, using the asymmetric triple- 
probe method" - report by Mr. Guy Turban, as pre- 
sented by Mr Louis Ndel, C.R. Acad. Sc. Paris. Vol. 
273 (October 4, 1971), Series B, pp 584-587. 

50 

3 "The Hundred year History Of Induction Discharg- 
es". Hans U. Eckert, Proceedings 2nd Annual Inter- 
national Conference on Plasma Chemistry and 
Technology. Herman Boenig, Ed, Techromic PubL. 
Lancaster, PA, 1 986 pp 1.7 1 -201 . ss 

4 "ICRH Antenna Design And Coupling Optimiza- 
tion Studies". R.R. Weynants et al., Proceedings of 



2nd Joint Grenoble- Vienna International Symposi- 
um, Vol. 1 (Conrx). Italy) 1980. 

According to the present invention, there is provid- 
ed a plasma reactor for processing a semiconductor 
substrate comprising: 

a nonconductlve reactor wall enclosing a reactor 
chamber within whbh a plasma is to be generated 
to produce at least one plasma product for prccoss- 
ing the semiconductor substrate; 
means for connect bn a gas source and a gas ex- 
haust system to the reactor chamber; 
an induction coil for inductively coupling rf power in- 
to the reactor chamber from a source of rf power; 
a split Faraday shield between the induction coil 
and the nonconductive reactor wall and providing a 
plurality of substantially nonconductive gaps such 
that the source of rf power can couple power 
through the split Faraday shield to sustain said plas- 
ma; and 

a support for the semiconductor substrate posi- 
tioned such that the semiconductor substrate is ex- 
posed to the at least one plasma product during 
processing. 

According to a second aspect of the present inven- 
tion there is provided a method of processing a semi- 
conductor substrate in a plasnr^ reactor comprising the 
steps of: 

supplying gas to a reaction chamber; 
shielding the gas in the reaction chamber with a split 
Faraday shield, the split Faraday shield forming a 
plurality of substantially nonconductive gaps to al- 
low the passage of inductively coupled power into 
the gas in the reaction chamber; 
inductively coupling power into the gas through said 
split Faraday shield to sustain a plasma in the reac- 
tion chamber; 

forming at least one plasma product for processing 
the semiconductor substrate; and 
exposing the semiconductor substrate to said at 
least one plasma product for processing. 

In accordance with the illustrated preferred embod- 
iment, a plasma reactor is present In which low frequen- 
cy (0. 1 -6MH2) rf power is inductively coupled into the 
plasma to provide energy for ionisation of the gas near 
a wafer-holding, powered electrode and a high frequen- 
cy voltage of lower power is applied to the powered elec- 
trode to control the ion bombardment energy of a water 
upon this electrode. A wafer is placed on or just above 
this powered electrode for processing. 

This plasma reactor has a nonconductive chamber 
wall that is encircled by an induction coil that is connect- 
ed to a low frequency rf source. A split Faraday shield 
is positioned between the induction coil and the sidewall 
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of the reactor and encircles the reactor to substantially 
eliminate the production of displacement currents be- 
tween the induction coil and the plasma reactor. This 
shield, in effect, greatly reduces the capacitive coupling 
of the low frequency rf electric field to the plasma (See. 
the article by J. L Vossen. entitled Glow Discharge Phe- 
nomena in Plasma Etching and Plasma Deposition, J. 
Electrochem. Soc. Solid-State Science and Technology. 
Vol. 126, No. 2. February 1979, p. 319) so that the en- 
ergy of ion bombardment and associated etching and 
sputtering of the reactor wall is substantially eliminated 
and so that the modulation of the wafer sheath voltage 
at the low frequency is reduced. 

This Faraday shield is movable so that the capaci- 
tance between the plasma and the shield can be varied. 
The Faraday shield is placed substantially in contact 
with the chamber outer wall, producing a high value of 
capacitance during wafer processing. This reduces the 
rf plasma potential, thereby reducing plasma etching of 
the walls of the reactor. An Increased gap between the 
Faraday shield and the chamber wall yielding a reduced 
value of capacitance can be used outside of periods of 
wafer etching to produce increased rf and lime-aver- 
aged plasma potential levels, thereby causing higher 
energies of ion bombardment that permit cleaning of the 
reactor walls with a controlled level of etching. Prefera- 
bly, the Faraday shield is moved radially to alter capac- 
itance, but the capacitance could also be varied by ver- 
tical movement of the Faraday shield. In an embodiment 
in which the shield is movable vertically, the shield 
should not be allowed to move far enough vertically that 
it does not lie between the reactor chamber and every 
coil of the Induction coil. A conductive sheet can be in- 
cluded above the top of the chamber to increase the ca- 
pacitance of the plasma to the effective rf ground elec- 
trode provided by the reactor wall. This plate can also 
be movable to vary the capacitance between the plasma 
body and this portion of the Faraday shield. 

A dc magnetic field can be included to enhance ion 
generatbn at low pressures by confining electrons away 
from the walls of the chamber. At low pressure, electrons 
have an increased mean free path that would increase 
their rate of loss from the chamber by collisions with the 
chamber wajl. This magnetic field forces the electrons 
into helical paths thait have an increased chance of mak- 
ing ionizing cdliisions within the chamber before collid- 
ing with a wail. 

A diverging magnetic field which is stronger, near 
the top of the reactor chamber can be included to reflect 
electrons back into the plasma, thereby preventing their 
loss at the top wall of the chamber. This latter magnetic 
field (which might be as small as several ten-thou- 
sandths of a Tesia near the top of the chamber) can be 
produced either by an array of permanent magnets po- 
sitioned on top of the chamber and having alternating 
directions of their magnetic fields, by a solenoidal coil 
carrying dc current or by a lerromagnetk; disk. 

The inductively coupled rf power is supplied at a fre- 



quency in the range 0.1-6 MHz and at a power level 
up to 10 kW, depending on the size of the reactor cham- 
ber The voltage applied to the powered electrode is at 
a frequency much higher than the inverse of the average 
5 time for an ion to cross the sheath at the powered elec- 
trode. Preferred choices for the frequency f^ of this volt- 
age signal are any of the ISM standard frequencies 
13.56, 27.12 and 40.68 MHz. The higher frequencies 
will be needed for higher densities of plasma in order to 
10 produce ion bombardment energies which are not too 
broadly distributed. 

The sheath at the powered electrode contains a 
strong electric field that is substantially perpendicular to 
the plane of the wafer, thereby producing substantially 
'5 vertical ion impact and associated substantially vertical 
or controlled taper etching of the wafer The amount of 
capacitively coupled power provided to^ the powered 
electrode is substantially less than the power provided 
inductively to the plasma. Therefore, the average ion 

20 current at the wafer is primarily determined by the in- 
ductively coupled power and, due to the Faraday shield, 
the average ion energy at the wafer is substantially a 
function only of the amplitude of the rf signal to the pow- 
ered electrode. In contrast to this, in the typical plasma 

25 reactor illustrated in Figure 1 , both the average ion den- 
sity (which is typically somewhat lower) and energy are 
controlled by the amplitude of the rf signal to the pow- 
ered electrode. The inductively coupled reactor there- 
fore enables the sheath voltage to be reduced and the 

30 ion density to be increased. Also, the sheath voltage and 
ion density can be separately varied. Consequently, a 
soft etch at a commercially acceptable etch rate can be 
achieved that does not damage the recent type of inte- 
grated circuits that can be damaged by ions of impact 

55 energy of order or greater than 100 eV (electron volts). 
The electronnagnetic fields In the inductively cou- 
pled plasma reactor can produce a plasma ion density 
distribution that is very uniform over the wafer and there- 
fore produces very uniform wafer processing. The in- 

40 ductively generated electric field is substantially circum- 
ferential and therefore accelerates electrons substan- 
tially parallel to the side wall of the reactor. Because of 
the conductivity of the plasma, the strength of this elec- 
tric field decreases rapidly away from the side wall so 

•'^ that electron acceleration occurs primarily in a region 
near the side wall. As an electron gains speed, its inertia 
produces a trajectory that may include a succession of 
elastic collisions with nfK)tecules and/or glancing colli- 
sions with the sheath at the side wall. Such collisions 

so can kick the electron into the plasma body This results 
in significant electron acceleration only near the wall, 
but also results in ion generation throughout the cham- 
ber. The diffusion of these electrons and ions and the 
radial § x § drift of electrons produces near the wafer 
a radially symmetric ion density that has a very uniform 
density A low pressure (typically, on the order of 0.1 3 - 
3.9 Pa (1 - 30 m Torr) is maintained in the reactor cham- 
ber to facilitate diffusion of the electrons away from the 
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region where they gain energy near the side wall. 

This design is also extremely efficient in coupling 
power into the production of ions and therefore provides 
an important advantage over other reactors for wafer 
processing that is to be performed by the ions in the 
plasma (see. for example, the article by J. Freislnger et 
al entitled RF-ion source RIM 10 for material proces- 
sions with reactive gases, IX International Conference 
on Gas Discharges and their Applications, 19-23 
September 1988). The importance of this can bo seen 
from the following. RF power to a plasma produces neu- 
tral radicals, ions, free electrons and excitation of mol- 
ecules and atoms by the free electrons. The vertical 
etching that is produced by reactive ions is favored in a 
chamber that channels a high fraction of the rf power 
into ion production. For excess radical concentrations, 
the reaction on the wafer surface by the radicals can be 
detrimental to the desired fabrication process so that it 
is also advantageous in many applications to reduce the 
relative production of free radicals by the plasma. There- 
fore, this plasma reactor is particularly suitable for reac- 
tive ion etch processes and other processes that are ei- 
ther favored by high ion concentration or degraded by 
significant tree radical concentration This reactor also 
requires much less capacitively coupled power than 
conventional plasma reactors. This system utilizes on 
the order oif a feyv hundred Watts of rf power to the pow- 
ered electrode compared to 500-1000 W (Watts) for a 
conventional plasma reactor in which all power is cou- 
pled capacitively. This system also provides the ability 
to control independently the ion current and the ion Im- 
pact energy.;-,:;;/.: 

In the conventional plasma reactor of Figure 1 , the 
amplitude of the rf signal applied to powered electrode 
16 controls not only the ion density in the plasma, but 
also the sheath voltage of the powered electrode. To 
achieve a soft etch (i.e., energy of ion bombardment of 
the wafer on the order of 100 V (volts) or less) the ca- 
pacitively applied rf power should be reduced below that 
conventionally used in such a reactor. Unfortunately, 
this reductbn of capacitively applied power would not 
only reduce the voltage drop across this sheath, it would 
also reduce the ion density at this sheath. Even at high 
rf voltage to the powered electrode, such capacitively 
coupled power produces only a relatively |ow density of 
Ions. Because ttie wafer etch rate is proportional to the 
product of the bn density at this sheath times the voltage 
drop across this sheath, the wafer etch rate decreases 
faster than either of these two parameters. Thus, a soft 
etch produces a reduction in throughput that is incom- 
patible with a commercial integrated circuit labrication 
process. 

That the sheath voltage in this system is tied to the 
amplitude of the rf signal applied to the powered elec- 
trode can be seen by reference to Figures 2 and 3. A 
capacitor 21 between rf source 15 and powered elec- 
trode 16 enables this sheath voltage to have a dc com- 
ponent. This dc component is produced by the com- 



bined effects of the unequal areas of the electrodes and 
the unequal mobilities of the electrons and ions. Each 
plasma sheath is electronically equivalent to the parallel 
combination of a resistance, a capacitance and a diode. 
5 The electric field across the sheath repels most of the 
electrons out of the sheath region producing a large 
sheath resistance on the order of 10^ (ohms). The 
capacitive component of the sheath impedance as a 
function of increasing frequency becomes small enough 
10 to be significant at about 500 kHz and can be substan- 
tially ignored much below that frequency At frequencies 
much above 500 kHz. the sheath resistance is large 
enough that it can be ignored. This is the case for the 
high frequency sheath voltage component at the fre- 
'5 quency of the capacitively coupled power. 

In the equivalent circuit in Figure 2. the effects of 
the much higher mobility of the electrons than the Ions 
In the plasma and sheath is modeled by diodes 24 and 
28. Thus, if the plasma wore to become negative with 
^0 respect to any electrode adjacent to the plasma, the 
electrons in the plasma would see an effective short to 
that electrode. The sheath impedances are therefore 
modeled by elements 22-24 and 26-28. The plasma 
body can be modeled as a low impedance resistance 
^5 25 that can be ignored at the high frequency f^, (prefer- 
ably one of the ISM frequencies 1 3.56 f^Hz, 27.1 2 MHz 
or 40.68 MHz) utilized for the rf voltage applied to the 
powered electrode. 

Figure 3 illustrates the relationship between a 220 
30 V (volt) peak-to-peak rf signal 31 of frequency f^ applied 
to the powered electrode, the resulting voltage 32 of the 
plasma and the sheath voltage 36 of the powered elec- 
trode. The sheath capacitances C^^ and dominate 
at the frequency f^^ of the capacitively coupled power so 
55 that resistances Rg^ and Rgg can be ignored and diodes 
24 and 28 can be ignored except for a short interval dur- 
\ng each period of signal 31 . Therefore, under most op- 
erating conditions, the plasma equivalent circuit reduc- 
es to a capacitive divider so that the plasma potential 
^0 Vp and the high frequency components of the voltages 
across capacitances Cg^ and are substantially in 
phase and related in magnitude by V = V^C^g^tCgi + 

Cs2) 

For a typical reactor with a wall area several times 
that of the powered electrode, the sheath capacitance 
at the wall is on the order of 10 times the sheath 
capacitance C^^ at the powered electrode. Therefore, 
for a 220 V (volt) peak-to-peak rf signal 31, the plasma 
potential Vp is on the order of 20 V (volts) peak-to-peak. 

so Because signals 31 and 32 are in phase, a peak 33 of 
signal 32 is aligned with a peak 34 of signal 31 . Because 
of diode 24. the minimum voltage difference between 
signals 31 and 32 (occurring at each peak 34) is on the 
order of kT^e. Similarly must also be at least WTJe 

55 more positive than ground 35 to avoid shorting the plas- 
ma to the walls of the reactor. These various require- 
ments produce an average sheath voltage 36 of the 
powered electrode (i.e.. the dc component of rf signal 
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31 ) of approximately -90 V (volts). The dc component of 
the sheath voltage Is substantially equal to -Vrf Csi/{Cs, 
+ Cg2)/2 where V^f is the peak-to-peak magnitude of the 
rf voltage. The sheath voltage varies directly with the 
magnitude of the rf signal because the electric field com- 
ponent of the rf signal Is substantially perpendicular to 
the powered electrode. This means that the dc compo- 
nent 36 of voltage 31 is directly tied to the peak-to-peak 
amplitude of the rf voltage applied to the powered elec- 
trode. 

The ionic current density at the powered electrode 
of a conventional plasma reactor is proportional to the 
ion density in the plasma which in turn decreases with 
decreasing power so that if the rf voltage amplitude is 
decreased todecrease the sheath voltage, then the cur- 
rent density also decreases. Therefore, the plasma re- 
actor- of -Figure 1 does-not enable the current density at 
the wafer to be increased to maintain etch power when 
the voltage is decreased to produce a softer etch. 

The voltage drop across the sheath at the powered 
electrode is equal to the difference between the applied 
rf signal 31 and the voltage 32 of the plasma. This volt- 
age drop varies from about 0 volts to about -220 V 
(volts). If an bn were to cross this sheath In a time in- 
terval that is short compared to the period l/f^ of the rf 
signal, then its bombardment energy could be almost 
zero if rt crossed the sheath near a peak 34 of rf signal 
31 . Such low energy bombardment ions would not nec- 
essarily have trajectories substantially perpendicular to 
the plane of the wafer and therefore could degrade the 
desired vertical etch of the wafer. It is therefore impor- 
tant for the period l/fj, to be no more than half as large 
as the average time for an ion to cross this sheath. Since 
this transit time is on the order of or less than a half mi- 
crosecond. f|, should be at least 4 MHz. For higher ion 
didnsities and bw sheath voltage, the period 1/f^ can be 
as small as 0.1 us or less. Because of the less stringent 
limitations on ISM frequencies, it is preferred that f^ 
equal one of the ISM frequencies 13.56 MHz, 27.12 
MHz and 40.68 MHz. 

Brief Description of Drawings 

The details of my invention will be described in con- 
nection with the accompanying drawings, in which: Fig- 
ure 1 iliustrates the structure of atypical plasma reactor; 
Figure 2 is an equivalent circuit for a plasma reactor in 
which power is capacitively coupled into the reactor 
chamber; Figure 3 illustrates the relationship between 
the rt signal applied to the powered electrode, the volt- 
age Vp of the plasma and the sheath voltage y^, Figure 

4 is a side view of the inductively coupled reactor; Figure 

5 Is a cross-sectional side view of the inductively cou- 
pled reactor of Figure 4; Figure 6 is a top view of the 
reactor of Figure 4; and Figure 7 illustrates the relation- 
ship of plasma voltage Vp and the rf voltage applied to 
the cathode for the case when Cg, is much larger than 
Cs2. 



Modes for Carrying Out the Invention 

In Figure 4 is a plasma reactor 4 that altows inde- 
pendent, controllable variation of the sheath voltage and 
5 the ion current density at the wafer. This reactor also 
produces a very uniform distribution of ion current den- 
sity and voltage at the wafer and can provide an in- 
creased ratio between ion and free radical production 
rates in the plasma relative to purely capacitive or higher 
10 frequency inductive discharges. This system is there- 
fore particularly useful for applications in which an in- 
creased ratio of ions to free radicals is advantageous. 

On a base 40 is a cylindrical chamber wall 41 that 
encloses a plasma reaclor chamber 50 (shown in Figure 
'5 5). Chamber wall 41 is on the order of 7 - 30 cm (cen- 
timeters) high and has a lateral diameter that is depend- 
ent on the diameter of the wafers that are to be proc- 
essed. For a 15 cm diameter wafer processing system, 
this chamber wall has a lateral diameter on the order of 
20 25 -30 cm (centimeters) and for a 20 cm (centimeter) 
diameter wafer processing system, this chamber has a 
lateral diameter on the order of 30 - 38 cm (centimeters). 
Chamber wall 41 is made of a nonconductive material 
such as quartz or alumina. 
^5 Encircling wall 41 is an inductive coil 42 that is con- 
nected to a first rf source 43 through a conventional im- 
pedance match network or transformer 44. This coil has 
only a few turns (on the order of 2-8 turns) to produce 
an inductance that can be conveniently matched to rf 
30 source 43 by a conventional match network 44 utilizing 
commercially convenient reactance values or by a 
transformer to match the inductive impedance (typically 
equal to or less than 10 ohms) to the impedance (typi- 
cally. 50 Q (ohms)) of source 43. The match network is 
35 designed to substantially eliminate the reflection of pow- 
er back to source 43. This inductive coil produces within 
chamber 50 an axially symmetric rf magnetic field 
whose axis is substantially vertical and an electric field 
that is substantially circumferential. Both of these fields 
^ exhibit a rotational symmetry about a central axis A. This 
rotational symmetry contributes to the uniformity of wa- 
fer processing. 

Because of the high conductivity of the plasma, the 
inductively coupled fields are substantially limited to a 
•^5 region adjacent to the side wall of skin depth 6 (on the 
order of a centimeter) proportional to the square root of 
the electron density in the plasma divided by the fre- 
quency f| of the inductively coupled rf field. For larger 
systems, f^ can be reduced to increase the thickness of 
50 this region within which electrons are accelerated. 

Within this region, the circumferential electric field 
accelerates the electrons circumferentially. However, 
because of the Inertia of these accelerated electrons, 
they may experience glancing collisions with the electric 
55 field of the sheath at the sidewall. Such collisions will 
reflect most of these electrons away from the wall. Some 
of these electrons will strike the side wall and may pro- 
duce secondary electrons. Elastic collisions with gas 
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molocuiGs cause the electrons to diffuse throughout the 
volume of the chamber. Because the inductively gener- 
ated electric field is limited to the distance S (the resistive 
skin depth) from the side wall, electron heating is limited 
to this region In order to enhance the uniformity of ion 
density across the wafer, the pressure is kept low (typ- 
ically 0. 1 3 • 3.9 Pa or 1 -30 m Torr) so that the electrons 
heated near the wall can rapidly diffuse away from the 
wall to produce a very uniform ionization and resulting 
ion density across the wafer surface. 

The reactor radius R, the frequency and the pow- 
er of the inductively coupled power are selected to pro- 
duce a circumferential electric field having a peak-to- 
peak amplitude on the order of 1 - 10 V/cm (volls/cm). 
This results in an oscillatory electron path of amplitude 
on the order of or greater than 3 cm so that the mean 
free path of these .electrons is on the order of or less 
than the amplitude of their oscillatory motion. Source 43 
provides power at a frequency in the range 0.1-6 MHz 
and at a power of up to 10 kW. 

A second rf source 51 (shown in Figure 5) provides 
rf power to a powered electrode 52, preferably at one of 
the ISM (Industry. Scientific, Medical) standard frequen- 
cies (i.e.. 13.56 MHz, 27.12 MHz or 40.68 MHz). As in 
the embodiment of Figure 1 . this rf power produces a dc 
sheath voltage next to the powered electrode 52. The 
power level is in the range from less than 100W (Watts) 
to a few (up to 5) hundred W so that the effect of this 
capacitively coupled rf signal on the ion density is much 
less than the effect of the power inductively coupled 
from source 43. This power level is somewhat less than 
that typically provided to the powered electrode in a 
plasma reactor. This power level can be kept low to pro- 
duce a soft (i.e., kinetic energy less than 100 eV) bom- 
bardment of the wafer by ions. This low power level to 
the powered electrode also means that the ion density 
is determined primarily by the rf source 43. This is ad- 
vantageous in decoupling control of the ion density and 
the sheath voltage. 

The circumferential direction of the inductively gen- 
erated electric field makes this field parallel to the pow- 
ered electrode so that a path integral from the plasma 
body to the powered electrode along a normal to the 
powered electrode is zero. As a result of this, unlike in 
the plasma reactor of Figure 1 , there is rio rf connponent 
across the sheath producing an rf time varying potential 
difference between the plasma body and the powered 
electrode. This substantially eliminates coupling of the 
low frequency induced rf field to the potential of the pow- 
ered electrode. Therefore, the sheath voltage of pow- 
ered electrode 52 Is determined only by rf source 51 . 

Enclosing the sidewall of the reactor is a grounded 
Faraday shield 45 consisting in this embodiment of a 
dozen symmetrically-arranged conductive plates 46 
that conform to the sidewall. Each Faraday shield con- 
ductive platG 46 is spaced from its neighboring plates 
by gaps 48. These gaps are needed to enable the in- 
duction rf magnetic field to penetrate within reactor 



chamber 50. At least one gap is needed to prevent the 
formation of a circumferential current in the Faraday 
shield. By Lenz's Law, such a circumferential current 
would strongly oppose variation of magnetic field within 
5 reactor chamber 50. thereby substantially countering 
the desired action on reactor chamber 50 of the current 
in coils 42. 

This Faraday shield also provides the same func- 
tions as the grounded conductive walls of the reactor of 
10 Figure 1 - namely, it confines the capacitively coupled 
rf fields to the reactor chamber 50 so that they do not 
stray outside of the chamber and interfere with other 
equipment or violate federal radiation standards. This 
shield also provides a return path for the high frequency 

1^ current from the electrode produced by capacitively cou- 
pled power supply 51 . 

Faraday shield 45 can, when positioned next to the 
reactor wall, significantly reduce the annount of time var- 
iation of the plasma potential Vp at the rf frequency f^ of 

20 source 43. This is important in decoupling the effects of 
the first rf source 43 and the second rf source 51 on the 
Ion density and the average sheath voltage V^^. At the 
power levels applied to coils 42, the large inductance 
(on the order of 1-100 pH (microHenrys)) of these coils 

25 produces a large voltage at one or both ends of these 
coils. If the Faraday shield were absent, then the high 
voltage end 47 of coil 42 would couple capacitively to 
the plasma body and impress an rf variation of Vp at the 
frequency f^ of source 43 (see, for example. J.L. Vos- 

30 sen. Glow Discharge Phenomena in Plasma Etching 
and Plasma Deposition, J. Electrochem. Soc.: Solid- 
State Science And Technology, Vol. 126. No. 2, p. 
319). 

The widths of gaps 48 are less than the minimum 

3S spacing between these plates 46 and coils 42 so that 
coils 42 do not significantly couple capacitively through 
these gaps to the plasma body (see the Vossen refer- 
ence). If such capacitive coupling to the plasma body 
were not blocked, this rf variation of Vp would show up 

"^0 as a variation of the sheath voltages (and hence, ion 
energy) at this same frequency. Furthenmore, this elec- 
tric field could degrade the symmetry of the etch if it were 
not substantially excluded by the Faraday shiekJ. 
Faraday shield 45 also significantly influences the 

4S value of the sheath capacitance C^2 ^^e plasma 
sheath adjacent to the wall 41 of the plasma reactor If 
this Faraday shield were not present, then the effective 
ground tor the capacitively coupled rf signal would be 
provided by the rf Inductton coil or the environment sur- 

50 rounding the reactor chamber and therefore would be 
dependent on what other objects were near the reaclor 
Furthermore, these objects would generally be at a dis- 
tance that is large enough that the effective ground 
could be treated as being at infinity This makes for 

55 the side and top walls more on the order of or less than 
one tenth of C^^ instead of ten times Cg, as was the case 
for Figure 3. The result is that the relatbnship between 
the plasma potential Vp and the rf signal is more like that 
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shown in Figure 7 than like that shown in Figure 3. 

In Figure 7, it is again assumed that the rf voltage 
(signal 71) has a peak-to-peak amplitude of 220 volts. 
For equal to ten times C^g, the plasma voltage signal 
72 has a peak-lo-peak amplitude of 200 V (volts). The 5 
peaks 73 of the plasma voltage Vp again align with the 
peaks 74 of the rf voltage signal 71 and the spacing be- 
tween these peaks is again up to several times kT^e. 
Likewise, the spacing of the troughs of Vp from ground 
Is on the order of kT^/e (which is typically a few volts). io 
The plasma voltage signal 72 therefore has a dc com- 
ponent 76 on the order of 100 V (volts). This contrasts 
with Figure 3 where the plasma voltage signal 32 has a 
dc component on the order of 10 V (volts) plus an offset 
of order kJJe. is 

This greatly increased dc component between the 
wail and the plasma body results in an unacceptable lev- 
el of etching or sputtering of the wail by ions in the plas- 
ma. Such action not only damages the chamber wall, 
but also uses up reactant gas and can inject into the 20 
plasma contaminants that can interfere with the water 
fabrication processes in the reactor chamber However, 
with the Faraday shield 45 closely spaced from wall 41 , 
the effective ground electrode capacitance is increased 
and Cg2 is again several times larger than C^i so that 2S 
the relationship between the rf signal and the plasma 
voltage Vp is like Figure 3 instead of like Figure 7. In- 
deed, normally, the spacing between the "plates'* (i.e., 
the plasma and the conductive wall) of the capacitance 

is on the order of 0. 1 cm. For the reactor of Figure 30 
4, when the Faraday shield is closely spaced from wall 
41 , the capacitance 0^ is increased by the thickness of 
wall 41 divided by the dielectric constant (which is > 4). 
which is equivalent toa vacuum gap of 0.075cm. There- 
fore, the wall capacitance 0^2 is a little more than half 35 
of what ft would be for a reactor of the type shown in 
Figure 1 of comparable dimensions to that in Figure 4. 

Plates 46 are movable radially on the order of or 
more than 1 cm so that capacitance can be substan- 
tially decreased by moving plates 46 away from the 40 
walls to vary the ratio Cg^/C^g over a range on the order 
of from 0. 1 to 10. These plates are moved close to wall 
41 during wafer processing so that etching of the cham- 
ber waK and the associated production of contaminants 
are minimized Iri periods other than wafer processing -^s 
periods, the plates can be moved away from the wall by 
as much as a cm or more to provide a controlled period 
of etching of the wall to clean the wall. The remnants of 
this chamber cleaning step are then drawn out of the 
reactor before further wafer processing is implemented, so 

Figures 5 and 6 are respectively side cross-section- 
al and top views of reactor 40 illustrating further optkxial 
features of this reactor. Just outside of the top of reactor 
chamber 50 is a grounded conductive plate 53 that pro- 
vides for the top of reactor chamber 50 substantially the 55 
same function as Faraday shield 45 provides for the 
sides of tills chamber. 

On top of the reactor chamber are a set of magnets 



54 that altornatoly orient their North polos downward. A 
ferromagnetic return plate 55 helps return the flux of the 
fields produced by the two outermost magnets. The 
magnets preferably are permanent magnets since this 
type of magnet economically provides a sufficient mag- 
netic field. This arrangement produces at the top of 
chamber 50 an array of alternating direction magnetic 
fields of about 0.01 T (1 00 Gauss) that act like magnetic 
mirrors to reflect electrons back toward the plasma 
body. The fields from these magnets penetrate into the 
reactor chamber a distance on the order of twice tbe 
spacing (on the order of 2-3 cm) between these mag- 
nets. In other embodiments, this linear array of magnets 
could be replaced by a set of concentric ring magnets, 
again having North poles of successive magnets oppo- 
sitely oriented vertically. In still other embodiments, a flat 
disc of ferromagnetic material having its North pole ori- 
ented vertically or a single ring dc solenoid could be 
used to produce a single magnetic mirror, which may 
have a magnetic field as low as several ten-thousandths 
of a Tesia near the top of the chamber. The embodiment 
utilizing a magnetic disc is preferred because it is sim- 
ple, inexpensive and preserves radial symmetry of the 
reactor. In contrast to this, the lack of radial symmetry 
of the magnetic fields from the magnets 54 in Figure 5 
will slightly degrade the radial symmetry of wafer etch. 

Just outside of the base or top of reactor wall 41 is 
a conductive coil 56 connected to a dc current source 
57 to produce an optional dc magnetic field to further 
contain electrons away from the side wall. The magni- 
tude of the magnetic field from this coil can be on the 
order of 0.0001-0.01 TesIa (1-100 Gauss). 

The plasma reactor of Figures 4-6 provides signifi- 
cantly improved operation compared to many other ex- 
isting reactors. Whereas the plasma reactor (discussed 
in the Background of the Invention) that utilizes a micro- 
wave source produces only a few milliamps/cm^ current 
density: this reactor could produce up to 50-100 milli- 
amps/cm2. Tests show that this high current results for 
a variety of reactant gases, such as SF^, CF2CI2. O2 
and argon. This indicates that relatively more of the pow- 
er is going into the production of ions instead of into the 
production of neutral fragments as in other plasma pro- 
duction methods at pressures above 1 mTorr. These 
neutral fragments would not contribute to this current. 
This is important because only the ions are given the 
perpendicular direction of impact on the wafer that re- 
sults in the formation of substantially vertical wails. The 
ability to produce a very fow sheath voltage at the wafer 
means that a 400 nm (4000 A) thick gate of polys ilrcon 
can be etched vertically without damage to or etching of 
an underlying 10 nm (100 A) thick Si02 gate insulator 
by reducing the sheath voltage to less than 20-30 V 
(volts). 

Reactor 40 includes a gas source 49 and an ex- 
haust port 58 that is part of an exhaust system 59 that 
includes a pump to exhaust plasma process products 
and to keep the pressure to a selected level. Typically, 



o 



17 



EP 0 507 885 B1 



18 



tho pressure is held at on the order of 0.13 - 3.9 Pascal 
(1 - 30 m Torr) pressure to enhance diffusion of electrons 
from the electron heating region near the side wall into 
the bulk volume. Even at this pressure, the inductively 
coupled power is primarily coupled into producllon of 
ions. In contrast to this, other plasma systems such as 
the microwave plasma systems produce relatively niore 
free radicals at pressures above approximately 0.13 Pa 
(1-30 m Torr). If a microwave plasma reactor is to pri- 
marily produce ions, then the pressure needs to be on 
the order of or less than a few hundredths of a Pascal. 
This requires that reactor pumps have speeds greater 
than a few Torr-llters per second. This large rate of 
pumping requires either the use of cryogenic pumps 
closely coupled to the reactor chamber or very large tur- 
bo pumps with large ports to the chamber. In contrast, 
the reactor disclosed herein can operate at higher pres- 
sures and requires a pump speed only on the order of 
a few tens of Pascal-liters per second. This is easily 
achieved with smaller pumps which need not clutter the 
space around the chamber and interfere with wafer han- 
dling or other essential chamber peripherals. Such 
pumps also would not require regeneration or pose a 
safety hazard as do cryogenic pumps. 

In Figure 8, there is shown a further plasma reactor 
according to the present invention which is substantially 
similar to that shown in Figures 5 and 6 save for the pres- 
ence of the magnets 54. the conductive plate 53 and the 
ferromagnetic return plate 55 of the embodiment shown 
in Figures 5 and 6, and the provision in the Figure 8 em- 
bodiment of a gas inlet at the axis of symmetry of the 
chamber of the reactor In Figure 8, the reference nu- 
merals, preceded by the number '8\ used therein des- 
ignate the equivalent components to those indicated In 
Figure 5 and which are preceded by the number '4* or 
'5' as the case may be. 

Reference Numerals 

10 plasma reactor 

1 1 reactor wall 

1 2 p lasma reactor chamber 

1 3 gas source 

14 exhaust system 

15 rf power supply 

16 powered electrode 

17 wafer 

18 slit valve 

19 plasma body 
110 boundary layer 

21 capacitor 

22-24 elements modeling sheath impedance 

25 plasma body resistance 

26-28 elements modeling sheath impedance 

31 rf signal 

32 plasma voltage 



33 peak of signal 32 

34 peak of signal 31 

35 ground 

36 sheath voltage of the powered electrode 

5 

40 base 

41 chamber wall 

42 inductive coil 

43 1 st rf source 
10 44 match network 

45 Faraday shield 

46 conductive plates of Faraday shield 

47 high voltage end of coild 42 

48 gaps between Faraday shield plates 
?5 49 gas source 

50 plamsa reactor chamber 

51 2nd rf source 

52 powered electrode 

20 53 grounded conductive plate 

54 magnets 

55 ferromagnetic return plate 

56 conductive coil 

57 dc current source 
25 58 exhaust port 

59 exhaust system 



Claims 

30 

1. A plasma reactor for processing a semiconductor 
substrate comprising: 



a nonconductive reactor wall (41) enclosing a 
reactor chamber (50) within which a plasma is 
to be generated to produce at least one plasma 
product for precessing the semkx^nductor sub- 
strate; 

means for connectbn a gas source (49) and a 
gas exhaust system (59) to the reactor cham- 
ber; 

an induction coil (42) for inductively coupling rf 
power into the reactor chamber from a source 
of rf power; 

a split Faraday shield (46) between the Induc- 
tion coil and the nonconductive reactor wall and 
providing a plurality of substantially noncon- 
ductive gaps such that the source of rf power 
can couple power through the split Faraday 
shield to sustain said plasma; and 
a support for the semiconductor substrate po- 
sitioned such that the semiconductor substrate 
is exposed to the at least one plasma product 
during processing. 

55 

2. A plasma reactor as in claim 1 wherein the source 
of rf power comprises a first source (43) of radio fre- 
quency power, and a second source (51) of radio 
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11. A plasma reactor as in claim 9 wherein said source 
of rf power provides much less power to the pow- 
ered electrode (52) than to the induction coil, where- 
by a plasma produced in said reactor chamber has 

5 an ion density that is substantially determined by 
the power to said induction coil. 

12. A plasma reactor as in claim 11 wherein the power 
to the powered electrode has a peak-to-peak volt- 

^o age amplitude less than 200v (volts) pcak-to-peak. 
whereby this reactor is suitable for a soft etch of a 
wafer. 

13. A plasma reactor as In claim 9 wherein said plates 
75 (46) are movable over a distance such that a ratio 

(Cg-ii/Cgg) can be varied over a range that includes 
the value 1 , where 0^2 is the sheath xapacitance 
between a plasma body and the reactor wall and 
where is the sheath capacitance between the 
20 plasma body and the powered electrode. 

14. A plasnfia reactor as in claim 1 wherein the induc- 
tively coupled power is at a frequency f^ in the range 
of from 0.1 -6 MHz. 

25 

15. A plasma reactor as in claim 9 wherein the induc- 
tively coupled power is at a frequency f^ and the 
capacitrvely coupled power is at a frequency that 
is at least twice as large as the inverse of an aver- 
se age transit time for an ion to cross a plasma sheath 

at said electrode. 



frequency power. 

3. A plasma reactor as in claim 2 wherein the induction 
coil (42) is coupled to the first source of rf power to 
inductively couple power into the plasma from the' 
first source; and the reactor further comprises an 
electrode (52), coupled to the second source of ra- 
dio frequency (rf) power and on or adjacent to which 
a semiconductor substrate is to be placed for 
processing. 

4. A plasma reactor as in claim 3 wherein the Induction 
cojl (42) encircles the nonconductive reactor wall. 

5. A plasma reactor as in either one of claims 3 and 4 
wherein the electrode (52) provides the support for 
the semiconductor substrate coupled to the reactor 
chamber such that the semiconductor substrate is 
exposed to the at least one plasma product during 
processing. 

6. A plasma reactor as in any one of claims 1 to 3 
wherein the source of rf power (43) provides capac- 
itive and inductive power; and the split Faraday 
shield is arranged for substantially blocking the ca- 
pacitive jxjwer from the source from reaching the 
reactor chamber while permitting the inductive pow- 
er from the source to reach the reactor chamber. 

7. A plasrtia reactor as in claim 1 wherein said split 
Faraday shield (45) has plates (46) that are mova- 
ble to viary the capacitance between a plasma body 
within the reactor chamber and said split Faraday 
shield;; 

8. A plasma reactor as in claim 1 wherein said split 
Faraday-shield (45) comprises a plurality of con- 
ductive plates (46) adjacent to said reactor wall, 
each ptate being spaced from a neighbouring plate 
by a gap (48) that is smaller than the distance be- 
tween said induction coil and the reactor wall. 

9. A plasma reactor as in claim 1 further comprising a 
powered electrode (52) providing a support, adja- 
cent to which a semiconductor substrate is to be 
placed for processing, said powered electrode be- 
ing capacltively coupled to the source (43) of rf pow- 
er. 

10. A plasma reactor as in claim 9 wherein said Induc- 
tton coil (42) produces within the reactor chamber 
a magnetic field that is substantially perpendicular 
to said powered electrode, whereby an electric field 
induced by time variation of the signal to said Induc- 
tion coil is substantially parallel to said powered 
electrode (52) so that the induced electric f ield.does 
not directly affect the potentials of the plasnna and 
the powered electrode. 



16. A plasnr^ reactor as in claim 9 wherein the capacl- 
tively coupled power Is at a frequency f^ that is se- 

3S lected from the set consisting of 1 3.56 MHz. 27. 1 2 
MHz and 40.68 MHz. 

17. A plasma reactor as in claim 1 wherein the exhaust 
system (59) and the gas source (49) cooperatively 

40 produce within said chamber (50) a pressure for 
which Ions are produced in said plasma at a rate at 
least on the order of that at which free radicals are 
produced. 

•^5 18. A plasma rector as in claim 1 further comprising a 
grounded conductive plate (53) adjacent to a top 
portion of the reactor wall. 

19. A plasma reactor as in claim 1 further comprising a 
so source (54) of a dc magnetic field adjacent to a top 
portion of the reactor wall, thereby helping constrain 
energetic electrons away from the top portion of the 
reactor wall. 

55 20. A plasma reactor as in claim 1 9 wherein said source 
(54) of a dc magnetic field adjacent to a top portion 
of the reactor wall comprises a plurality of perma- 
nent bar magnets (54) arranged parallel to one an- 
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other and to the top portion of the reactor wall, each 
magnet having its North pole oriented subslanlially 
perpendicular to a top portion of the reactor wall and 
having Its North pole substantially oppositely direct- 
ed from any nearest neighbour magnets. 5 

21 . A plasma reactor as In claim 20 further comprising: 
a ferromagnetic return plate (55) which at least cov- 
ers the magnets (54) on top and provides a ferro- 
magnetic return for magnetic field lines at the outer io 
edges of the plurality of bar magnets. 

. 22. A plasma reactor as in claim 19 wherein said source 
(54) of a dc magnetic field adjacent to a lop portion 
of the reactor comprises a plurality of concentric an- is 
nular magnets parallel to the top portion of the re- 
actor wall, each magnet having its North pole ori- 
ented substantially perpendicular to the top portion 
of the reactor wall and oppositely directed from any 
nearest neighbour magnets; and a ferromagnetic 20 
return plate (55) which at least covers the magnets 
on top and provides a ferromagnetic return for mag- 
netic field lines at the outer edges of the plurality of 
bar magnets. 

2$ 

23. A plasma reactor as in claim 1 9 wherein said source 
(54) of a dc magnetic field adjacent to a top portion 
of the reactor wall comprises a disk magnet having 
its North pole oriented substantially perpendicular 

to the top portion of the reactor wall. 30 

24. A plasma reactor as in claim 1 9 wherein said source 
(54) of a dc magnetic field adjacent to a top portion 
of the reactor wall comprises a dc electromagnet 
producing a magnetic field having its North pole ori- 3S 
ented substantially perpendicular to the top portion 

of the reactor wall. 

25. A plasma reactor as in claim 19 further comprising 

a dc power source (57), and a coil (56) encircling 40 
the reactor and connected to the dc power source 
to produce a dc magnetic field that Is substantially 
perpendicular to said powered electrode. 

26. A plasma reactor as in any one of the preceding 
claims wherein said plurality of substantially non- 
conductive gaps Is arranged symmetrically about 
said reactor 

27. A plasma reactor as in any one of the preceding so 
claims wherein said split Faraday shield is radio fre- 
quency grounded relative to said inductbn coil. 

28. A plasma reactor as in any one of the preceding 
claims wherein said split Faraday shield is direct ss 
current grounded relative to said induction coil. 

29. A plasma reactor as in any one of the preceding 



claims wherein said split Faraday shield shares a 
common ground with said first source of radio fre- 
quency power 

30. A plasma reactor as in any one of the preceding 
claims wherein said split Faraday shield is ground- 
ed relative to said induction coil. 

31. A plasma reactor as in any one of the preceding 
claims wherein the Induction coil produces a mag- 
netic field having a direction and the gaps formed 
by said split Faraday shield are substantially paral- 
lel to the direction of the magnetic field such that the 
gaps substantially prevent the inducement of a cur- 
rent in the split Faraday shield by said magnetic 
field. 

32. A plasma reactor as In any one of the preceding 
claims wherein said induction coil has a first end 
and a second end and wherein said first end is con- 
nected to said source of rf power and wherein said 
second end is connected to a common ground with 
said source of rf power 

33. A plasma reactor as in claim 32 wherein current is 
driven through said induction coil between said first 
end and a second end such that the induction coil 
Inductively couples power from said source of rf 
power Into said plasma. 

34. A plasma reactor as in any one of the preceding 
claims wherein said split Faraday shield forms at 
least twelve substantially nonconductive gaps 
which allow said induction coil to couple power into 
said plasma. 

35. A plasma reactor as in any one of the preceding 
claims wherein the width of said gaps is smaller 
than the distance between said Induction coil and 
the reactor wall. 

36. A plasma reactor as in claim 35 wherein the area of 
the split Faraday shield and a distance between the 
split Faraday shield and the plasma are selected 
such that the capacitive impedance between the 
plasma and the split Faraday shield is less than the 
capacitive impedance between the plasma and any 
source of radio frequency power 

37. A plasma reactor as in claim 35 further comprising 
at least one source of capacitively coupled radio fre- 
quency power; wherein the area of the split Faraday 
shield and a distance between the split Faraday 
shield and the plasnna are selected such that the 
capacitive impedance between the plasma and the 
split Faraday shield is less than the capacitive im- 
pedance between the plasma and the or each 
source of capacitively coupled radio frequency 
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power 

38. A plasma reactor as In claim 37 wherein the capac- 
itive impedance between the plasma and the spilt 
Faraday shield is several times less than the capac- ' 
itive impedance between the plasma and the or 
each source of capacitively coupled radio frequen- 
cy power. 

39. A plasma reactor as in claim 1 further comprising a 
source of capacitively coupled power for said plas- 
ma, v\rf)erein the source of capacitively coupled 
power acts as an effective cathode relative to the 
plasma, the split Faraday shield acts as an effective 
anode relative to the plasrna. and the area of the 
effective anode is much greater than the area of the 
effective cathode such that the ratio O^Cq^ is at 
least 10, wherein 0^2 is the capacitance between 
the plasma and the effective anode and C^^ is the 
capacitance between the plasma and the effective 
cathode. 

40. A plasma reactor as in claim 1 wherein an average 
direct current potential of the plasma is no greater 
than 30 V (voKs) relative to the semiconductor sub- 
strate. 

41. A plasma reactor as in claim 1 wherein the plasma 
has a potential modulation no greater than 20 V 
(volts) peak-to-peak. 

42. A plasma reactor as in claim 1 wherein the plasma 
has a potential modulation on the order of 20 V 
(volts) pea k-to-peak. 

43. A plasima reiactor as in claim 1 wherein the reactor 
chamber has a radius, the first source of radio fre- 
quency power has a frequency and a power, and 
the radius of the reactor chamber, and the frequen- 
cy and the power of the first source of radio frequen- 
cy power are selected to produce an electric field 
within the reactor chamber having a peak-to-peak 
amplitude on the order of 10 V/cm (volts/cm). 

44. A plasnna reactor as in claim 1 wherein the split Far- 
aday shield is grounded. 

45. A plasma rector as in claim 1 wherein each of the 
substantially nonconductive gaps has a width on 
the order of 1 cm. 

46. A plasma reactor as in claim 1 further comprising 
means for accelerating charged particles toward 
the semiconductor wafer. 

47. A plasma reactor as in claim 1 further comprising 
means for varying the capacitance between said 
shiekJ means the plasma. 



48. A plasma reactor as in any one of claims 1 to 47 
wherein the semiconductor substrate includes a 
surface layer of polysilicon and a thin underlying 
layer of silicon oxide insulator the induction coil cou- 

5 pies sufficient power into the plasma to produce a 
high ion density In the plasma, and the split Faraday 
shield substantially reduces the level of capacitive 
modulation that would be present in the absence of 
the split Faraday shiekJ such that ions from the plas- 

10 nna controllably etch the polysilicon at a high rale 
without substantially damaging the thin underlying 
layer of oxide insulator 

49. A method of processing a semiconductor substrate 
IS in a plasma reactor comprising the steps of: 

supplying gas to a reaction chamber; 
shielding the gas in the reaction chamber with 
a split Faraday shield, the split Faraday shield 
20 forming a plurality of substantially nonconduc- 

tive gaps to allow the passage of inductively 
coupled power into the gas in the reaction 
chamber; 

inductively coupling power Into the gas through 
2S said split Faraday shield to sustain a plasma In 

the reaction chamber; 

forming at least one plasma product for 
processing the semiconductor substrate; and 
exposing the semiconductor substrate to said 
30 at least one plasma product for processing. 

50. A method as in claim 49 further comprising the step 
of adjusting the spacing of the split Faraday shield 
from the plasma. 

55 

51. A method as in claim 49 further comprising the step 
of capacitively coupling power into the reaction 
chamber. 

40 52. A method as in claim 49 wherein the step of forming 
the at least one plasma product further comprises 
the step of forming a plasma having an average di- 
rect current potential no greater than 30 V (volts) 
relative to the substrate. 

4S 

53. A method as in claim 49 wherein the step of forming 
the at least one plasma product further comprises 
the steps of forming a plasma having a potential, 
and maintaining the potential of the plasma such 

so that a modulation of the plasma potential is no 
greater than 20V (volts) peak-to-peak. 

54. A method as in claim 49 further comprising the 
steps of forming a plasma in the reaction chamber, 

55 capacitively coupling power intothe plasma through 
a capacitance 0^^ and capacitively coupling power 
from the plasm to ground through a capacitance 0^2 
between the plasma and the split Faraday shield, 
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wherein the capacitance C^i is less than the capac- 
itance Cq2' 

3. 

55. A method as in claim 49 further comprising the step 
of varying the capacilance between the split Fara- s 
day shield and the plasma. 

56. A method as in claim 49 further comprising the step 
of varying the capacitance between the split Fara- 
day shield and the plasma relative to the capact- ?o 
tance between the workpiece and the plasma. 

4. 

57. A method as. in any one of claims 49 to 56 wherein 
the semiconductor substrate includes a surface lay- 
er of polysilicon and a thin underlying layer of oxide is 
insulator; the step of exposing the semiconductor 5. 
substrate to said at least one plasma product further 
comprises the step of etching the surface layer of 
polysilicon using the at least one plasma product, 
and the step of shielding the gas further comprises 20 
the step of controlling the energy of the at feast one 
plasma product such that the surface layer of poly- 
silicon is etched without substantially damaging the 6. 
thin underlying layer of oxide insulator. 

2S 

Patentanspruche 



1, Plasmareaktor zur Bearbeitung eines Halbleiter- 
substrats, aufweisend: 



30 



eine nicht leitende Reaktorwand (41). die eine 
Reaktorkammer (50) umschlieGl, in der ein 
Plasma erzeugt werden soli, um wenigstens 
ein Plasmaprodukt zur Bearbeitung des Halb- 3S 
leltersubstrats zu erzeugen, 
eine Einrichtung zur Verbindung einer Gas- 
quelle (49) und eines Gas-AblaQsystems (59) 
mit der Reaktorkammer. 

eine Induktionsspule (42) zur induktiven Ein- 40 
kopplung von HF-Energle von einer HF-Ener- 
giequelle in die Reaktorkammer. 
eine unterteilte Faraday-Abschirmung (46) zwi- 
schen der Induktionsspule und der nicht leiten- 
den Reaktorwand, die mehrere im wesentii- -^s 
Chen nicht leitende Spafte bereitstellt. 
sodaB die HF-Energiequelle die Energle durch 
die unterteilte Faraday-Abschirmung zum Aut- 
rechterhalten des Plasmas einkoppein kann, 
und 50 
einen Trager fur das Halbleilersubstrat, der so 
angeordnet 1st, daB das Halbleilersubstrat 
wahrend der Bearbeitung dem wenigstens ei- 
nen Plasmaprodukt ausgesetzt 1st. 

55 

2. Plasmareaktor nach Anspruch 1, bei dem die HF- 
Energiequelle eine erste Quelle (43) einer Hochfre- 
quenz-Energie und eine zweite Quelle (51) einer 



Hochfrequcnz-Enorgio aufwoist. 

Plasmareaktor nach Anspruch 2, bei dem die Induk- 
tionsspule (42) mIt der ersten HF-Energiequelle ge- 
koppell ist, um Energie von der ersten Quelle aus 
induktiv in das Plasma zu koppein, und der Reaktor 
weiterhin eine Elektrode (52) aufweist, die mit der 
zweiten HF-Energiequelle verbunden ist und an der 
Oder in deren Nahe ein Halbleitersubslrat zur Bear- 
beitung anbringbar ist. 

Plasmareaktor nach Anspruch 3, bei der die Induk- 
tionsspule (42) die nicht leitende Reaktonwand um- 
gibl. 

Plasmareaktor nach Anspruch 3 oder 4. bei dem die 
Elektrode (52) den Trager f Or das Halbleitersubstrat 
darstellt, der mit der Reaktorkammer verbunden ist, 
sodaG das Halbleitersubstrat wahrend dor Bearbei- 
tung dem wenigstens einen Plasmaprodukt ausge- 
setzt Ist. 

Plasmareaktor nach einem der Anspruche 1 bis 3, 
bei dem die HF-Energiequelle (43) eine kapazitive 
und eine induktive Energie bereitstellt, und die un- 
terteilte Faraday-Abschirmung so angeordnet ist. 
da(3 sie die kapazitive Energie von der Quelle ab- 
blockt, so daft sie die Reaktorkammer nicht er- 
reicht, wahrend sie die induktive Energie von der 
Quelle zu der Reaktorkammer hin durchlaBt. 

7. Plasmareaktor nach Anspruch 1 , bei dem die unter- 
teilte Faraday-Abschirmung (45) Platten (46) auf- 
weist, die bewegbar sind, um die Kapazitat zwi- 
schen einem Plasmakorper innerhalb der Reaktor- 
kammer und der unterteilten Faraday-Abschirmung 
zu verandern. 

8. Plasmareaktor nach Anspruch 1 , bei dem die unter- 
teilte Faraday-Abschirmung (45) mehrere leitende 
Platten (46) in der Nahe der Reaktorwand aufweist. 
wobei jede Platte von einer benachbarten Platte 
durch einen Spalt (48) beabstandet ist, der geringer 
ist. als der Abstand zwischen der Induktionsspule 
und der Reaktonwand. 

9. Plasmareaktor nach Anspruch 1 , weiterhin aufwei- 
send eine mit Energie versorgte Elektrode (52), die 
einen Trager darstellt. in dessen Nahe ein Halblei- 
tersubstrat zur Bearbeitung angebracht werden 
kann, wobei die mit Energie versorgte Elektrode ka- 
pazitiv mit der HF-Energiequelle (43) gekoppelt ist. 

1 0. Plasmareaktor nach Anspruch 9. bei dem die Induk- 
tionsspule (42) innerhalb der Reaktorkammer ein 
Magnetfeld erzeugt, das im wosentlichen senkrocht 
zu der mit Energie versorgten Elektrode stehl, wo- 
bei ein durch eine zeitllche Veranderung des Si- 
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gnals 2u dor Induktionsspulo induzicrtos elcktri- 
sches Feld im wesentlichen parallel zu der mit En- 
ergie versorgten Elektrode (52) stehl, so daB das 
induzierte elektrische Feld nicht direkt die Potentia- 
le des Plasmas und der mil Energie versorgten s 
Elektrcxle beeinfluQt. 

11. Plasmareaktor nach Anspruch 9, bei dem die HF- 
Energiequelle wesentllch weniger Energie zu der 

mit Energie versorgten Elektrode (52) als zu der In- io 
duktlonsspule gibt, wobei ein in der Reaktorkam- 
mer erzeugtes Plasma eine lonendrchte autweist, 
die im wesentlichen durch die zu der Induktionsspu- 
le gegebene Energie bestimmt wird. 

12. . Plasmareaktor nach Anspruch 11, bei dem die En-- 
; ergie fur ^ie mit Energie versorgten Elektrode eine 

Spannung^amplltude von Spitze zu Spitze von we- 
' niger als 200 V (Volt) aufwelst, wobei dieser Reak- 
tor fur ein Welchatzen eines Wafers geeignet ist. 20 

13. Plasmareaktor nach Anspruch 9, bei dem die Plat- 
ten (46) uber einen Abstand be wegbar sind, so da8 
ein Verhaltnis (C^^ . / C^g) uber einen Berelch variiert 
werden kann, der den Wert 1 enthalt, wobei C^i die 2S 
Hullkapazitat zwischen einem Plasmakorper und 
der Reaktorwand Ist. und wobei C^^ die Hullkapa- 
zitat zwischen dem Plasmakorper und der mit En- 
ergie versorgten Elektrode ist. 

30 

1 4. Plasmareaktor nach Anspruch 1 , bei dem die Induk- 
tlv eingekoppelte Energie bei einer Frequenz in 
dem Bereich zwischen 0,1 bis 6 MHz vorliegt. 

1 5. Plasmareaktor nach Anspruch 9, bei dem die induk- os 
tiv eingekoppelte Energie bei einer Frequenz f^ und 

die kapazitiv eingekoppelte Leistung bei einer Fre- 
quenz f^ vorliegt, die doppelt so groB ist wie der re- 
ziproke Wert einer mittleren Transitzeit fOr ein Ion 
zunfi Durchqueren einer PlasmahOlle an der EIek- ^ 
trode. 

16. Plasmareaktor nach Anspruch 9, bei dem die kapa- 
zitiv emgekoppelte Energie bei einer Frequenz f^, 
vorliegt^ die aus einer der Frequenzen von 13,56 
MHz. 27,12 MHz und 40.68 MHz gewahit ist. 

17. Plasmareaktor nach Anspruch 1, bei dem das Ab- 
laBsystem (59) und die Gasquelle (49) In ihrer Zu- 
sammenwirkung innerhalb der Kammer (50) einen so 
Druck erzeugen, bei dem lonen in dem Plasma mil 
einer Rate erzeugt werden, die wenigstens in der 
GfoBenordnung liegt, mit der f reie Radikale erzeugt 
werden. 

55 

18. Plasmareaktor nach Anspruch 1 , weiterhin aufwel- 
send eine geerdete leitende Platte (53) in der Nahe 
eines oberen Abschnitts der Reaktorwand. 



19. Plasmareaktor nach Anspruch 1, weiterhin aufwci- 
send eine QugIIg (54) eines Gleich(DC)-Magnet- 
felds in der Nahe eines oberen Abschnitts der Re- 
aktorwand, wodurch die Einschnurung energetl- 
scher Elektronen weg von dem oberen Abschnilt 
der Reaktorwand unterstutzt wird. 

20. Plasmareaktor nach Anspruch 1 9 bei dem die Quel- 
le (54) eines DG-Magnetfelds in der Nahe eines 
oberen Abschnitts der Reaktorwand mehrore Per- 
manent-Stabmagneten (54) aufweist, die parallel 
zueinander und zu einem oberen Abschnitl der Re- 
aktorwand angeordnet sInd, wobei der Nordpol von 
jedem Magneten im wesentlichen senkrecht zu ei- 
nem oberen Abschnitt der Reaktorwand ausgerich- 
tet ist und der Nordpol im wesentlichen entgegen- 
gesetzt von dem von jedem nachsteri Nachbai*ma-" 
gnet orientlert ist. 

21. Plasmareaktor nach Anspruch 20 weiterhin aufwei- 
send: 

eine ferromagnetische ROckschluBplatte (55). die 
den Magneten (54) wenigstens an der Oberseite 
bedeckt, und einen ferromagnetischen RuckschluB 
fur die Magnetfeldlinien an den AuBenkanten der 
mehreren Stabmagneten schafft. 

22. Plasmareaktor nach Anspruch 19, bei dem die 
Quelle (54) fur ein DC-Magnetfeld in der Nahe eines 
oberen Abschnitts des Reaktors mehrere konzen- 
trische Ringmagnete parallel zu dem oberen Ab- 
schnitt der Reakton/vand aufweist, wobei der Nord- 
pol von jedem Magneten im wesentlichen senkrecht 
zu dem oberen Abschnilt der Reakton/vand orien- 
tlert ist und entgegengesetzt zu dem von jedem 
Nachbarmagnet ausgerlchtet ist, und der eine fer- 
romagnetische ROckschluBplatte (55) aufweist, die 
die Magnete wenigstens auf der Oberseite bedeckt 
und einen ferromagnetischen ROckschluB fOr Ma- 
gnetfeldlinien an den AuBenkanten der mehreren 
Magnete schafft. 

23. Plasmareaktor nach Anspruch 19, bei dem die 
Quelle (54) des DG-Magnetfelds in der Nahe eines 
oberen Abschnitts der ReaktonA^and einen Schei- 
benmagneten aufweist, dessen Nordpol im wesent- 
lichen senkrecht zu dem oberen Abschnitt der Re- 
akton/vand ausgerlchtet ist. 

24. Plasmareaktor nach Anspruch 19, bei dem die 
Quelle (54) eines DC-Magnetfelds In der Nahe ei- 
nes oberen Abschnitts der Reaktorwand einen DC- 
Elektromagneten aufweist. der ein Magnetfeld er- 
zeugt, dessen Nordpol im wesentlichen senkrecht 
zu dem oberen Abschnitt der Reaktorwand ausge- 
richtet ist. 

25. Plasmareaktor nach Anspruch 19, weiterhin auf- 
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weisend cine Gloichslromquclle (57) und cine Spu- 
le (56). die den Reakior umgibl und nnit der Gleich- 
stronnquelle verbunden ist, um ein Gleich-Magnet- 
feld 2u erzeugen, das Im wesentlichen senkrecht zu 
der mil Energie versorglen Eleklrode sleht. 5 

26. Plasnnareaktor nach einem der vorhergehenden 
Anspruche, bei dem die mehreren im wesentlichen 
nicht leitfahigen Spalte symmetrisch bezuglich des 
Reaktors angeordnet sind. io 

27. Plasmareaktor nach einem der vorhergehenden 
Anspruche. bei dem die unterteilte Faraday-Ab- 
schirmung bezuglkrh der Induktionsspule HF-geer- 
det ist. IS 

28. Plasmareaktor nach einem der vorhergehenden 
Anspruche, bei dem die unterteilte Faraday-Ab- 
schirmung bezuglich der Induktionsspule Gleich- 
strom-geerdet ist. 20 

29. Plasmareaktor nach einem der vorhergehenden 
Anspruche, bei dem die unterteilte Faraday-Ab- 
schirmung eine gemeinsame Erdung mit der ersten 
HF-Energiequelle teitt. 25 

30. Plasmareaktor nach einem der vorhergehenden 
Anspruche. bei dem die unterteilte Faraday-Ab- 
schirmung bezuglich der Induktionsspule geerdet 

ist. 30 

31. Plasmareaktor nach einem der vorhergehenden 
Anspruche, bei dem die Induktionsspule ein Ma- 
gnetteld mit einerbestimmten Richtungerzeugt und 
die durch die unterteilte Faraday-Abschirmung ge- 55 
bildeten Spatte im wesentlichen parallel zu der 
Rlchtung des Magnetfelds ausgerichtet sind, so 
daS die Spalte im wesentlichen die Induzierung ei- 
nes Stroms in der unterteilten Faraday-Abschir- 
mung durch das Magnetfeld verhindern. 40 

32. Plasmareaktor nach einem der vorhergehenden 
Anspruche. bei dem die Induktionsspule ein erstes 
Ende und ein zweites Ende auf weist. und wobei das 
erste Ende mit der HF-Energiequelle verbunden ist 
und das zweite Ende mit einer gemeinsamen Er- 
dung mit der HF-Energiequelle verbunden ist. 

33. Plasmareaktor nach Anspruch 32, bei dem der 
Strom durch die Induktbnsspule zwischen dem er- so 
sten Ende und einem zweiten Ende so gefuhrt wird. 
dal3 die Induktionsspule induktiv Energie von der 
HF-Energiequelle in das Plasma koppelt. 

34. Plasmareaktor nach einem der vorhergehenden ss 
Anspruche, bei dem die unterteilte Faraday-Ab- 
schirmung wenigstens zwblf im wesentlichen nicht 
leltende Spalte bildet. die eine Einkopplung der En- 



ergie in das Plasma durch die Induktionsspule or- 
moglichen. 

35. Plasmareaktor nach einem der vorhergehenden 
Anspruche. bei dem die Breite der Spalte kleiner ist 
als der Abstand zwischen Induktionsspule und der 

ReaktOHA^and. 

36. Plasmareaktor nach Anspruch 35. bei dem die Fla- 
che der unterteilten Faraday-Abschirmung und cin 
Abstand zwischen der unterteilten Faraday-Ab- 
schirmung und dem Plasma so gewahit sind, dal3 
die kapazitlve Impedanz zwischen dem Plasma und 
der unlerteillen Faraday-Abschirmung kleiner ist 
als die kapazitive impedanz zwischen dem Plasma 
und jeder HF-Energiequelle. 

37. Plasmarektor nach Anspruch 35, weiterhin aufwei- 
send wenigstens eine Quelle fur kapazitiv oinge- 
koppelte HF-Energie. wobei die Flache der unter- 
teilten Faraday-Abschirmung und ein Abstand zwi- 
schen der unterteilten Faraday-Abschirmung und 
dem Plasma sogewahll sind, daB die kapazitive Im- 
pedanz zwischen dem Plasma und der unterteilten 
Faraday-Abschirmung kleiner ist als die kapazitive 
Impedanz zwischen dem Plasma und der oder jeder 
kapazitiv eingekoppelten HF-Energiequelle. 

38. Plasmareaktor nach Anspruch 37, bei dem die ka- 
pazitive Impedanz zwischen dem Plasma und der 
unterteilten Faraday-Abschirmung um ein mehrfa- 
ches geringer ist als die kapazitive Impedanz zwi- 
schen dem Plasma und der oder jeder kapazitiv ein- 
gekoppelten HF-Energiequelle. 

39. Plasmareaktor nach Anspruch 1 , weiterhin aufwel- 
send eine Quelle fur kapazitiv eingekoppelte Ener- 
gie fur das Plasma, wobei die Quelle fur kapazitiv 
eingekoppelte Energie als eine effektive Kathode 
bezuglich des Plasmas wirkt, die unterteilte Fara- 
day-Abschirmung als eine effektive Anode bezug- 
lich des Plasmas dient und die Flache der effektiven 
Anode groBer ist als die Flache der effektiven Ka- 
thode, soda3 das Verhaltnis Csg/Cg^ wenigstens 10 
betragt. wobei 0^ die Kapazitat zwischen dem 
Plasma und der effektiven Anode und Cg, die Ka- 
pazitat zwischen dem Plasma und der effektiven 
Kathode ist. 

40. Plasmareaktor nach Anspruch 1 , bei dem das mitt- 
lere Gleichstrompotenlial des Plasmas nichi groBer 
als 30 Volt bezuglich des Halbleitersubstrats ist. 

41 . Plasmareaktor nach Anspruch 1 . bei dem das Plas- 
ma eine Potential-Modulation von nicht mehr als 20 
Volt Spitze • Spitze hat. 

42. Plasmareaktor nach Anspruch 1 , bei dem das Plas- 
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ma eine Potential- McxJulation in dcr Gr6f3onord- 
nung von 20 Volt Spitze - Spitze aufweist. 

43. Plasmareaktor nach Anspruch 1 , bei dem die Re- 
aktorkammer einen Radius aufweist, die erste HF- 
Energiequelle eine Frequenz und eine Energie, und 
der Radius der Reaktorkammer und die Frequenz 
und die Energie der erslen HF-Energiequelle so ge- 
wahlt sind, da3 ein elektrisches Feld innerhalb der 
ReaktorkamrDer mit einer Amptitudo Spitze - Spitze 
in der Groflenordnung von 10 V/cm erzeugt wird. 

44. Plasnnareaktor nach Anspruch 1 , bei dem die unter- 
teilte Faraday-Abschirmung geerdet ist. 

45. Plasmareaktor nach Anspruch 1 , bei dem die im we- 
sentilchen nicht leitenden Spalte eine Breite in der 
GroGenordnung von 1 cm aufweisen. 

46. Plasmareaktor nach Anspruch 1, weilerhin aufwei- 
send eine Einrichtung zur Beschleunigung gelade- 
ner Partikel in Richtung des Halbleiter-Wafers. 

47. Plasmareaktor nach Anspruch 1, weiterhin aufwei- 
send eine Einrichtung zur Veranderung der Kapa- 
zitat zwischen der Abschirmeinrichtung und dem 
Plasma. 

48. Plasmareaktor nach einem der Anspruche 1 bis 47. 
bei dem das Halbleitersubstrat eine Oberflachen- 
schlcht aus Polysilizium und eine dOnne Isolator- 
Unterschicht aus Siliziumoxid aufweist, die Indukti- 
onsspule ausreichend Energie in das Plasma zur 
Erzeugung einer hohen lonendichte in dem Plasma 
einkoppelt urid die unterteilte Faraday-Abschir- 
munglm wesentlichen den Wert der Kapazitats-Mo- 
dufation verringert, der ohne die unterteilte Fara- 
day-Abschirmung vorliegen wurde, so daft die lo- 
nen von dem Plasma in einer kontroliierbaren Wei- 
se das PolysHlzium mit einer hohen Rate atzen, 
ohne im wesentlichen die dunne darunterliegende 
Oxyd-lsolatorschicht zu beschadigen. 

49. Verfahren zur Bearbeitung eines Hatbleitersub- 
strats in einem Plasmareaktor, aufweisend die fol- 
genden Schritte: 

EinlaB von Gas in eine Reaktorkammer, 
Abschirmung des Gases in der Reaktorkam- 
mer mit einer unterteilten Faraday-Abschir- 
mung, wobei die unterteilte Faraday- Abschir- 
mung mehrere im wesentlichen nicht-leltende 
Spalte zum Durchla3 von induktiv elngekoppel- 
ter Energie in das Gas in der Reaktionskammer 
aufweist, 

induktive Einkopplung von Energie in das Gas 
durchdie unterteilte Faraday- Abschirmung, um 
ein Plasma in der Reaktionskammer zu schaf- 



ton, 

Bildung von wenigstens einem Plasmaprodukt 
zur Bearbeitung des Halbleitersubstrats. und 
Aussetzen des Halbleitersubstrats zu dem we- 
5 nigstens einem Plasmaprodukt, um es zu be- 

arbeiten. 

50. Verfahren nach Anspruch 49, weiterhin aufweisend 
den Schritt der Beabstandung der unterteilten Fa- 

10 raday-Abschirmung von dom Plasma. 

51. Verfahren nach Anspruch 49, weiterhin aufweisend 
den Schritt der kapazitiven Einkopplung von Ener- 
gie in die Reaktionskammer. 

15 

52. Verfahren nach Anspruch 49, bei dem der Schritt 
der Bildung des wenigstens einem Plasmaprodukts 
weiterhin den Schritt der Bildung eines Plasmas mit 
einem mittleren Gleichstrompotential von nicht 

20 mehr als 30 V bezOglich des Substrats aufweist. 

53. Verfahren nach Anspruch 49, bei dem der Schritt 
der Bildung des wenigstens einem Plasmprodukls 
weiterhin den Schritt der Bildung eines Plasmas mit 

25 einem Potential aufweist, und der Aufrechterhai- 
tung des Potentials des Plasmas so. daf3 eine Mo- 
dulation des Plasmapotentials nicht mehr als 20 V 
Spitze - Spitze betragt 

30 54. Verfahren nach Anspruch 49, weiterhin aufweisend 
die Schritte der Bildung eines Plasmas In der Re- 
aktionskammer, der kapazitiven Einkopplung von 
Energie in das Plasma durch eine Kapazitat Cg^, 
und der kapazitiven Einkopplung von Energie von 

06 dem Plasma zu der Erdung durch eine Kapazitat 
zwischen dem Plasma und der unterteilten Fa- 
raday-Abschirmung, wobei die Kapazitat Gsi klei- 
ner ist als die Kapazitat 0^2- 

40 55. Verfahren nach Anspruch 49, weiterhin aufweisend 
den Schritt der Veranderung der Kapazitat zwi- 
schen der unterteilten Faraday-Abschirmung und 
dem Plasma. 

-^s 56. Verfahren nach Anspruch 49, weiterhin aufweisend 
den Schritt der Veranderung der Kapazitat zwi- 
schen der unterteilten Faraday-Abschirmung und 
dem Plasma bezOglich der Kapazitat zwischen dem 
WerkstOck und dem Plasma. 

so 

57. Verfahren nach einem der Anspruche 49 bis 56. bei 
dem das Halbleitersubstrat eine Oberflachen- 
schicht aus Polysilizium und eine dunne darunter- 
liegende Oxid-lsolatorschicht aufweist, wobei der 
ss Schritt des Aussetzens des Halbleitersubstrats zu 
dem wenigstens einen Plasmaprodukt weiterhin 
den Schritt des Atzens der Oberflachenschicht aus 
Polysilizium unter Verwendung des wenigstens ei- 
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non Plasmaprodukts aufwcist, und dor Schritt dcr 
Abschirmung des Gases weiterhin den Schritt der 
Steuerungder Energiedes wenigstens einen Plas- 
maprodukts so aufweist, da3 die Oberflachen- 
schichl aus Polysili/ium geatzl wird, ohne Im we- 5 
sentlichen dunne darunterliegende Oxld-lsolator- 
schicht zu beschadigen. 6. 



Revendications to 

1. R6acteur d plasma pour le traltement d'un substrat 
semi-cortducteur comprenant: 

une parol non-conduct rice (41 ) de reacteur en- is 
tpurant une chambre (50) de reacteur dans la- 
quelle un plasma doit etre gen^r^ pour produire 7. 
au moins un plasma destin6 au traitement du 
substrat semj-conducteur; 
un moyen destine k connecter une source (49) 20 
de gaz et un syst^me (59) d'echappement de 
gaz k la chambre de reacteur; 
une bobine d'induction (42) destinee a transfe- 
rer, par couplage par induction, dans la cham- 8. 
bre de reacteur une 6nergie HF provenant 2S 
d'une source d'energie HF; 
une cage de Faraday scindee (46) entre la bo- 
bine d'induction et la paroi non-conductrice du 
r6acteur et procurant une plurality d'intervalfes 
sensiblement non-conducteurs de telle sorte 3o 
que la source d'energie HF puisse coupler 
r^nergie k travers la cage de Faraday scind6e 9. 
pour maintenir ledit plasma; et 
un support destine au substrat semi-conduc- 
teur et positlonn^ de telle sorte que le substrat 3S 
semi-conducteur soit expose audit plasma au 
nombre d'au moins un pendant le traitement. 



2. Reacteur a plasma selon la revendication 1, dans 
lequel la source d'energie HF comprend une pre- 40 
midre source (43) d'energie HF et une deuxifeme 
source (51) d'energie HF 

3. Reacteur k plasma selon la revendication 2, dans 
lequel la bobine d'induction (42) est coupl6e a la -fs 
premiere source d'6nergie HF pour transferer au 
plasma, par couplage par induction, I'energie pro- 
venant de la premiere source; et le reacteur com- 
prend. en outre, une Electrode (52) coupl6e a la 
deuxi^me source d'energie haute frequence (HF) so 
el sur laquelle ou au voisinage de laquelle un subs- 
trat semi-conducteur dolt dtre plac^ pour dtre traits. 

4. Reacteur k plasma selon la revendication 3. dans 
lequel la bobine d'induction (42) entoure la paroi ss 
non-conductrice du reacteur 

5. Reacteur a plasma selon rune quelconque des re- 



vendications 3 ct 4, dans loquol I'clcctrodo (52) 
constitue le support du substrat semi-conducteur 
coupi^ k la chambre du reacteur de telle sorte que 
le substrat semi-conducteur soit expos6 au plasma, 
au nombre d'au moins un, pendant le traitement. 

R6acteur^ plasma selon Tune quelconque des re- 
vendication 1 k 3, dans lequel la source d'energie 
HF (43) fournit une energie capacitive et une ener- 
gie inductive; et la cage de Faraday scinddo est 
con9ue pour empecher substantiellement I'energie 
capacitive provenant de la source d'atteindre la 
chambre de reacteur tout en permettant k I'energie 
inductive provenant de la source d'atteindre la 
chambre de reacteur. 

Reacteur a plasma selon la revendication 1, dans 
lequel ladite cage de Faraday scind6e (45) compor- 
te des plaques (46) qui peuvent etro ddplac^e de 
manlere k modifier la capacite entre une masse de 
plasma se trouvant a I'interieur de la chambre de 
rdacteur et ladite cage de Faraday scind6e. 

R6acteur k plasma selon la revendication 1 , dans 
lequel ladite cage de Faraday scindee (45) com- 
prend une plufalite de plaques conductrices (46) 
adjacentes a ladite paroi de reacteur, chaque pla- 
que dtant espacde d'une plaque voislne par un in- 
tervalle (48) qui est plus petit que la distance entre 
ladite bobine d'induction et la paroi de reacteur. 

R6acteur k plasma selon la revendication 1, com- 
prenant, en outre, une Electrode allment^e (52) 
constituant un support au voisinage immediat du- 
quel doit §tre plac6 un substrat semi-conducteur 
pour etre traits, ladite Electrode aliment^e 6tant 
couplee par capacite a la source (43) d'energie HR 



10. Reacteur a plasma selon la revendication 9, dans 
lequel ladite bobine d'induction (42) produit, k I'in- 
terieur de la chambre du r6acteur, un champ ma- 
gnetique qui est sensiblement perpendiculaire k la- 
dite Electrode aliment 6e, grace k quoi un champ 
eiectrlque, Induit dans ladite bobine d'induction par 
une variation du signal dans le temps, est sensible- 
ment paralldle k ladite Electrode aliment^e (52) de 
telle sorte que le champ 6lectrique induit n'affecte 
pas directement les potentiels du plasma et de 
reiectrode aliment^e. 

11. Reacteur k plasma selon la revendication 9, dans 
lequel ladite source d'6nergie HF fournit beaucoup 
moins d'energie k T^lectrode aliment^e (52) que la 
bobine d'induction, grace a quoi un plasma produit 
dans ladite chambre de reacteur presente une den- 
sit6 ioniqu© qui est substantiellement determinee 
par I'energie de ladite bobine d'induction. 
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12. R6acteur d plasma solon la rcvondicatlon 11, dans 
lequel Tenergie fournle h relectrode alimentee pro- 
sent© une amplitude de tension de crete a crete in- 
f6fieure k 200 V (volts) de crdte k crdte, grSce d 
quoi ce r6acteur convlent pour une gravure douce 
d'une plaquette. 

13. R^acteur ^ plasma selon la revendication 9, dans 
lequel lesdites plaques (46) peuvent etre deplacees 
sur une distance telle que le rapport (C^^/C^^) P®ut 
etre modlfi6 sur une plage qui comprend la valeur 
1 , Cq2 6tant la capacity de gaine entre la masse de 
plasma et la parol de r6acteur et C^^ 6tant la capa- 
city de gaine entre la masse de plasma et Telectro- 
de alimentee. 

14. R^acteur^ plasma selon la revendication 1. dans 
lequel la frequence de t'energie coupl^e par induc- 
tion est f 1 comprise dans la plage allant de 0. 1 MHz 
^6 MHz. 

15. R6acteur ^ plasma selon la revendication 9, dans 
lequel I'^nergie coupl6e par Induction se trouve k 
une frequence et I'^nergie couplee par capacity 
se trouve h une frequence qui est au moins deux 
fois plus grande que I'inverse du temps de transit 
moyen que prend un ion pour traverser une gaine 
de plasma au niveau de ladlte Electrode. 

16. reacteur selon la revendication 9, dans lequel 
r6nergie couplee par capacity se trouve a une fre- 
quence fh qui est s6lectionn6e parmi I'ensemble 
conslistant eri 1 3.56 MHz, 27, 1 2 MHz et 40,68 MHz. 

17. Rdacteur a plasma selon la revendication 1. dans 
lequel le syst6me d'6chappement (59) et la source 
de gaz (49) produlsent. en cooperation, k Pint^rieur 
de ladite chambre (50) une presslon a laquelle des 
Ions sent cr6§s dans ledit plasma k une vitesse qui 
est au nnoins de I'ordre de celle k laquelle sont pro- 
duits des radicaux libres. 

18. R6acteur k plasma selon la revendication 1, com- 
prenant. en outre, une plaque conductrice (53) qui 
est mise k la masse et qui est adjacente k une parlie 
supdrieure de la parol de reacteur. 

19. R6acteur k plasma selon la revendication 1 , com- 
prenant. en outre, une source (54) de champ ma- 
gn6tique continu adjacente k une partie sup6rleure 
de la parol de reacteur , ce qui a pour effel de con- 
tribuer k maintenir les Electrons energ6tiques k dis- 
tance de ia partie sup^rieure de la parol de rdacteur. 

20. R6acteur k plasma selon la revendication 1 9. dans 
lequel ladite source (54) de champ magnetique 
continu, adjacente k la partie sup^rieure de la parol 
de r6acleur, comprend une plurality d'aimants per- 



manonts en forme do barrcaux (54) disposes paral- 
lelement les uns aux autres et k la partie superieure 
de la parol de reacteur. chaque aimant ayant son 
p6le Nord orients de ta^on sensiblement perpendi- 
culaire k la partie sup6rieure de la paroi de reacteur 
et ayant son p6le Nord dirig^ de fagon sensiblement 
oppos6e k celle de tous aimants voisins les plus 
pr6s. 

^0 21. Rdacteur k plasnna selon la revendicatbn 20. com- 
prenant, en outre: une plaque de retour ferroma- 
gnetique (55) qui recouvre au moins les aimants 
(54) sur le dessus et assure un trajet de retour fer- 
romagn^tique aux llgnes de force magnet iques au 

^5 niveau des bords exterieurs de la plurality d'aimants 
en forme de barreaux. 

22. Reacteur k plasma seton ia revendication 19. dans 
lequel ladite source (54) de champ magnetique 

20 continu, adjacente k une partie sup6rieure du r6ac- 
teur, comprend une plurality d'aimants annulaires 
concentriques k la partie superieure de la paroi de 
r§acteur, chaque aimant ayant son p6le Nord orlen- 
le de fa^on sensiblement perpendtculaire a fa partie 

26 superieure de la paroi de reacteur et dirige de fagon 
oppos6e par rapport a tous aimants voisins les plus 
pr6s: et une plaque de retour ferromagn^tique (55) 
qui recouvre au moins les aimants sur le dessus et 
constltue un trajet de retour ferromagnetique au li- 

30 gnes de force magn6tiques au niveau des bords ex- 
terieurs de la plurality d'aimants en forme de bar- 
reaux. 

23. Reacteur a plasma seton la revendication 19, dans 
35 lequel ladite source (54) de champ magnetique 

continu, adjacente k une partie superieure de la pa- 
roi de reacteur, comprend un aimant en forme de 
disque ayant son pole Nord orients de fa9on sensi- 
blement perpendtculaire k la partie superieure de la 
"^0 parol de reacteur. 

24. Reacteur ^ plasma seton la revendication 19, dans 
lequel ladite source (54) de champ magnetique 
continu, adjacente k une partie superieure de la pa- 

4S roi de reacteur, comprend un eiectro-aimant k cou- 
rant continu prod uisant un champ magnetique 
ayant son p6le Nord oriente de ta^on sensiblement 
perpendiculaire k la partie superieure de la paroi de 
reacteur. 

so 

25. Reacteur k plasma selon la revendicatton 19, com- 
prenant, en outre, une source d'energie en courant 
continu (57), et une bobine (56) entourant le reac- 
teur et connectee k la source d'energie en courant 

55 continu pour produire un champ magnetique conti- 
nu qui est sensiblement perpendiculaire k ladite 
electrode alimentee. 
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26. Roactour a plasma selon Tune quelconque des re- 
vendicallons precddentes. dans lequel ladite plura- 
lite d'intervalles sensiblement non-conducteurs est 
dispos6e de fa^on sym6lrique autour dudit r6ac- 
teur 5 

27. Reacteur h plasma selon Tune quelconque des re- 
vendications pf6c6denles. dans lequel ladite cage 
de Faraday scindee est mise a la terre du point de 
vue HF par rapport d ladite bobine d'induction. io 

28. R6acteur ^ plasma selon Tune quelconque des re- 
vendications pr6c6dentes dans lequel ladite cage 
de Faraday scindde est mise a la terre du point de 
vue courant continu par rapport a la dite bobine d'in- 
ductlon. 

29. Reacteur ^ plasma selon Tune quelconque des re- 
vendications pr6c6den1es, dans lequel ladite cage 
de Faraday scind6e partage une terre commune 
avec ladite premiere source d'energie HR 

30. Reacteur ^ plasma selon I'une quelconque des re- 
vendicatlons prec6dentes dans lequel ladite cage 

de Faraday scindee est mise a la terre par rapport 26 
k ladite bobine d'induction. 



31. Rdacteur d plasma selon Tune quelconque des re- 
vendicatlons precedentes, dans lequel la bobine 
d'induction produit un champ magnetique presen- 
tant une certaine direction et les Intervalles formes 
par ladite cage de Faraday scindee sont sensible- 
ment paralldles d la direction du champ magnetique 
de telle sorts que ces intervalles empechent subs- 
tantiellement I'induclion dans ia cage de Faraday 
scindee d'un courant par ledit champ magnetique. 

32. Rdacteur d plasma selon Tune quelconque des re- 
vendicatlons pr6c6dentes dans lequel ladite bobine 
d'induction comporte une premiere extr6mft6 et une 
deuxl6me extr6mit6 et dans lequel ladite preml6re 
extremity est connect6e k ladite source d'6nergie 
HF et dans lequel ladite deuxieme extremity est 
connect^e k une terre commune avec ladite source 
d'§nergie HF; 

33. R6acteur k plasma selon la revendication 32, dans 
lequel le courant circule dans ladite bobine d'induc- 
tion enlre ladite premiere extr6mit6 et une deuxie- 
me extr6mit6de telle sorte que la bobine d'induction 
transffere parcouplage par induction I'dnergiede la- 
dite source d'6nergle HF audit plasma. 

34. R6acteur selon Tune quelconque des revendica- 
tions pr6c6dentes, dans lequel ladite cage de Fa- 
raday scindde forme au moins douze inten^allos 
sensiblement non-conducteurs qui permettent k la- 
dite bobine d'induction transfdre par couplage 



I'dncrgie audit plasma. 

35. R6acteur selon I'une quelconque des revendica- 
lions pr6c6dentes, dans lequel la largeur desdits in- 
ten/alles est plus petite que la distance entre ladite 
bobine d'induction et la paroi de reacteur. 

36. Reacteur k plasma selon la revendication 35, dans 
lequel la superficie de la cage de Faraday scindee 
et la distance entre la cage de Faraday scindee et 
le plasma sont s6lectionnees de telle sorte que I'im- 
p^dance capacitive entre le plasma et la cage de 
Faraday scind6e soient inf^rieures k rimp6dance 
capacitive entre te plasma et toute source d'§nergie 
HF 

37. Reacteur ^ plasma selon la revendication 35, com- 
prenant, en outre, au nDoins une source d'^nergie 
HF couplde par capacite; dans lequel la superficie 
de la cage de Faraday scindee et la distance entre 
la cage de Faraday et le plasma sont s6Iectionn6es 
de telle sorte que rimp6dance capacitive entre le 
plasma et la cage de Faraday scindee soit inferieu- 
re k rimp6dance capacitive entre le plasma et la 
source d'energie HF couplee par capacite ou cha- 
que source d'energie HF couplee par capacite . 

38. Reacteur k plasma sebn la revendication 37. dans 
lequel Timp^dance capacitive entre le plasma et la 
cage de Faraday scindee est plusieurs fois plus pe- 
tite que I'lmp^dance capacitive enlre le plasma et 
la source d'6nergie HF coupl6e par capacity ou cha- 
que source d'energie HF couplee par capacity. 



^5 39. Reacteur k plasma selon la revendication 1 , com- 
prenant, en outre, une source d'energie coupl6e par 
capacite pour ledit plasma, dans lequel la source 
d'energie couplee par capacite agit comme une ca- 
thode effective vis-d-vis du plasnta, la cage de Fa- 
raday scindee agit comme une anode effective vis- 
6-vis du plasma, et la superficie de I'anode effective 
est beaucoup plus grande que la superficie de la 
cathode effective de telle sorte que le rapport Cgg/ 
solt au moins ^gal A 10. Cgg ^tant la capacitd 
entre le plasma et I'anode effective et 6tant la 
capacity entre le plasma et la cathode effective. 
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40. R6acteur k plasma selon la revendication 1 , dans 
lequel le potentiel en courant continu moyen du 

50 plasma n'est pas sup6rieur k 30V (volts) par rapport 
au substral semi-conducleur 

41. R6acteur k plasma selon la revendication 1. dans 
lequel le plasma presents une modulation de po- 
tentiel qui n'est pas sup6rieure & 20 V (volts) de cr§- 
te k crdte. 

42. Reacteur k plasma selon la revendication 1 . dans 
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lequel le plasma prescntc uno modulation de po- 
tentiel de I'ordre de 20 V (volts) de crdte d crele. 

43. R6acleur ^ plasma selon la revendicalion 1 dans 
lequel la chambre du reacleur presente un certain 
rayon, la premiere source d'^nergie HF presente 
une certaine frequence et une certaine puissance, 
et le rafyon de la chambre du reacteur ainsi que la 
frequence et la puissance de la premiere source 
d'6nergie HF sont selectbnnes de manicre d pro- 
duire dans la chambre du reacteur un champ elec- 
trique prdsentant une amplitude de crdte ^ crete de 
I'ordre de 10 V/cm(volts/cm). 

44. R6acteur k plasma selon la revendicalion 1 . dans 
lequel la cage de Faraday scindee est mise k la ter- 
re. 

45. R6acteur k plasma selon la revendication 1, dans 
lequel chacun des intervalles substantiellement 
non-conducteurs a une largeur de I'ordre de 1 cm. 

46. Reacteur k plasma selon la revendication 1, com- 
prenant, en outre, un moyen pour accelerer des 
particules charg^es vers la plaquette de semi-con- 
ducteur. 

47. R6acteur k plasma selon la revendication 1 , com- 
prenant, en outre, un nnoyen pour modifier la capa- 
city entre ledit moyen formant cage et le plasma. 

48. Reacteur k pjasma selon Tune quelconque des re- 
vendications 1 k 47, dans lequel le substrat semi- 
conducteur comprend une couche superficielle de 
slllciurh polycristallin et une mince sous-couche iso- 
lante en oxyde de silicium. la bobine d'induction 
transfdre par couplage une energie suffisante dans 
te plasma pour produire une densite ionique elev6e 
dans ce plasma, et la cage de Faraday scindee r6- 
duit substantiellement le niveau de modulation ca- 
pacitive qui serait presente en I'absence de la cage 
de Faraday scindee ce qui fait que que les ions pro- 
venant du plasma gravent de fa^on commandable 
le silicium polycristallin k une Vitesse ^lev^e sans 
endbnimager sensiblement la mince sous-couche 
d'oxyde isolant. 

49. Procdd6 de Iraitement d'un substrat semi-conduc- 
teur dans un rdacteur k plasma, comprenant les 
stapes consistant: 

k envoyer un gaz dans une chambre de reac- 
tion; 

k prot6ger le gaz dans la chambre de reaction 
avec une cage de Faraday scindee, la cage de 
Faraday scindee formant uno plurality d'inter- 
. valles substantiellement non-conducteurs pour 
permettre le passage jusque dans la chambre 



de reaction d'uno enorgio transferee au gaz par 
couplage par inductbn; 
k transferer par couplage par induction I'ener- 
gie dans le gaz k travers la cage de Faraday 
5 scind6e pour maintenir un plasma dans la 

chambre de reaction; 

a former au moins un plasma pour traiter le 
substrat semi-conducteur; et 
k exposer le substrat semi-conducteur audit 
^0 plasma au nombre d'au moins un pour le traiter. 

50. Proc6de selon la revendication 49, comprenant. en 
outre, r6tape consistant k ajuster I'espacement de 
la cage de Faraday vis-a-vis du plasma. 

IS 

51. Proc§d6 selon la revendication 498, comprenant, 
en outre I'etape consistant k transferer par coupla- 
ge par capacity I'energie dans la chambre de reac- 
tion. 

20 

52. Procdde selon la revendication 49, dans lequel 
retape consistant k former le plasma au nombre 
d'au moins un comprend en outre I'etape de forma- 
tion d'un plasma pr6sentant un potential moyen en 

^5 courant continu qui n'est pas superieur a 30 V 
(volts) par rapport au substrat. 

53. Procede selon la revendication 49, dans lequel 
I'etape consistant k former le plasma au nombre 

30 d'au moins un comprend, en outre, les etapes con- 
sistant k former un plasma presentant un certain 
potentiel et k maintenir ce potentiel du plasma de 
telle sorte qu'une modulation du potentiel du plas- 
ma ne soft pas superieure d 20 V (volts) de cr§te k 
35 Crete. 

54. Procede selon la revendication 49, comprenant, en 
outre, les etapes de formation d'un plasma dans la 
chambre de reaction, k transferer par couplage par 

^0 capacite I'energie dans le plasma par Tintermedial- 
re d'une capacite C^^, et k transferer par couplage 
par capacite I'energie provenant du plasma k la ter- 
ra par I'intermediaire d'une capacite 0^2 entre le 
plasma et la cage de Faraday scindee, la capacite 
•^^ etant inferleure k la capacite 0^, 

55. Procede selon la revendication 49. comprenant. en 
outre, retape consistant k faire varier la capacite 
entre la cage de Faraday scindee et le plasma. 

so 

56. Procede selon la revendication 49. comprenant, en 
outre, retape consistant^ faire varier la capacite 
entre la cage de Faraday scindee et le plasma par 
rapport k la capacite entre la piece k traiter et ie 

55 plasma. 

57. Procedeselon f une quelconque des revendications 
49 k 56, dans lequel ie substrat semi-conducteur 
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comprcnd unc coucho supcrficiollc de sihcium po- 
lycristallin et une mince sous-couche d'oxyde iso- 
lant. t'etape consistant a exposer le substrat semi- 
conducteur audit plasma au nombre d'au moins un 
comprenanl, en ouire, I'etape de gravure de la cou- s 
che superficielte de silicium polycristaliin utilisant le 
plasma au nombre d'au moins un, et r^lape de pro- 
tection du gaz comprend, en outre, Tetape de com- 
mande de I'^nergie du plasma au nombre d'au 
moins un, de telle sorte que la couche superficielle io 
de silicium polycristaliin soil gravde sans que soit 
sensiblement endommagde la mince sous-couche 
d'oxyde Isolant. 
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